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To THE 


HONOURABLE COMMISSIONERS 


OF HIS 
MAJESTY'S ROYAL REVENUES 


OF 


CUSTOMS AND EXCISE; 


THIS TREATISE OF THE 


10 


MODERN SLIDING-RUL E, 


Is MOST HUMBLY INSCRIBED, 


BY THEIR OBEDIENT SERVANT, 


W. FLOWER, 
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O many are the treatiſes extant on the uſe of 
the Sliding-Rule, that I am conſcious the 
publication of the following ſheets will need ſome 
apology : I ſhall therefore obſerve, that among all 
the books on this ſubject, which I have hitherto 
peruſed, (and thoſe are not a few) there is not one, 
I know of, which hath done it that Juſtice 1 its utility 
deſerves ; neither of them having given any man- 
ner of rule, whereby the anſwer to any queſtion pro- 
poſed to be ſolved thereby, may be truly and juſtly 
aſcertained; which I humbly conceive to be no 
ſmall negle& : for though it may be poſſible, and 
in ſome caſes very eaſy, to know the value of the 
anſwer; nevertheleſs I am certain, that in many 
caſes hes will be found ſome difficulty in aſcer- 
taining the true number, or value, of places therein, 
" 7-2 | pars. 
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particularly, when one or more of the factors con- 
cerned conſiſts of more than one or two integral, 
or intire fractional places; and it is further to be 
obſerved, that this difficulty will ſtill be greater, 
when the line D or E is concerned in the propor- 
tion. | | 5 

I have converſed with ſeveral perſons who are 
eſteemed maſters of the Sliding- Rule, who I have 
found, could give no other proof of the trutb of 
their ſolutions of thoſe problems they were daily 
concerned with, (viz. why the number of places 
in their anſwers, ſhould not be more or fewer 
than what they had hitherto aſſigned;) than that 
their reaſon ſuggeſted to them, it could not be 
mere; and that therefore they concluded it could 
not be fewer. But how ſatisfactory this anſtocr 
may appear to an ingenious and inquiſitive mind, 


I leave to the judgment of the reader: and I dare 


ſay, if one of theſe gentlemen ſhould happen to be 
attacked with a prope/iticn wherein ſome of the 
data ſhould exceed, or fall ſhort in number of 


places, thoſe he hath uſually met with in practice, 


his Golden Rule will be found quite inſufficient for 
producing a ſpeedy or accurate anſwer. 

Another motive to my publiſhing the following 
ſheets, was the hopes I had of thereby removing 
that indifference or rather diſliłe, which I have ob- 
ſerved to have appeared in many artigans to the 
zſe of this moſt admirable 7»ſtrrment, and which 
mult ariſe, either from their apprehenſions of ſome 
great difficulty in the right management thereof, 

| or 
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or of ſome uncertainty or inaccuracy in its perfor- 
mances; which prejudices cannot, I conceive, ſo 
ſoon or effectually be removed, as by ſhewing, 
that all the moſt common, uſeful and neceſſary, as 
well as curious and delightful problems, concern- 
ing the calculation. of weights, meaſures, &c. of 
almoſt all kinds, where the anſwer doth not ex- 
ceed three integral places, may be ſolved by the 
inſtrument, not only as truly and juſtiy (in regard 
to common uſe) but much more ea/ly and expe- 
ditiouſiy than by the moſt dextrous pen. 

To ſay nothing of the manifeſt advantages of 
that inſtrument which more particularly gave 7i/e 
to the following ſheets, nor of the peculiar man- 
ner which the aſe of the Modern Sliding-Rule in 
general is therein treated of, I ſhall here inſert a 
tranſcript of part of Mr. Leadbetter's preface to 
his laſt edition of the Royal Gauger, which ſhews 
the great importance of the 2 of this moſt ad- 
mirable inſtrument, in the following words, viz. 


« As ſome writers have attempted to perſuade 

“ the public, that ables ready calculated, are far 
* more exact and ready in practical gauging than 
the Sliding-Rule, it may not be here amiſs to 
*. obſerve, that if tables happen to be falſe printed, 
as we frequently find moſt tables are, the offi- 
< cer muſt act at random, not knowing whether 
he is right or wrong: whereas by the Sliding- 
* Rale, it is. impoſſible he ſhould ever err; for 
<«<- the uſe of that inſtrument being but once well 
A'4 :. r daa. 
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« underſtood, (which, by the directions given in 
the following treatiſe, it very eaſily may) the 
officer, with the greateſt diſpatch and certainty 
may, on all occaſions, come to the exactneſs of 
the tenth part of an unit, which is as near as 
&« js ever required in practice in the exciſe; and 
therefore the author is perſuaded, that thoſe 
who have taken the molt pains to decry the 


Sliding-Rule, are truly ignorant of its excellency 
e and v/e.” 

Having given my reaſons for appearing in 
print, I cannot, without doing great violence to 
cuſtom, omit ſaying ſomething of the work itſelſ. 
But what I have to advance on this head, muſt 
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fall very ſhort of the uſual encomiums on the like 


occaſion; and it is this, I am conſcious, the work 
itſelf will be found in faults very abundant ; yet as 


it is ſolely and purely deſigned for the inſtrudtion and 
uſe of the unlearned, I am not without hopes of its 


meeting with a favourable reception by my candid 
readers. 

What I have to add ſhall be addreſſed to thoſe 
of my readers, whom I have ſo inadvertantly 
denominated unlearned; but for ſo rude an appel- 
lation, 1 ſhall firſt beg pardon, tho' no other was 
the object of the 5 jon than the inſtrument. 

To thoſe of my readers, then, I ſhall obſerve, 
that in order to their reaping that benefit from 
their peruſal of the following ſheets, which the 
author in penning them intended they ſhould, it 


® This parentheſis is more juſtly — to the following 
Treatiſe, than to Mr. Leadbetter's. ur 
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vill be neceſſary that they read and apply them 
to uſe, with the ſame regularity, and order, 1 in 
which they will find them written. 

The reaſon hereof will be found very obvious; 
becauſe not only the chapters themſelves, but alſo 
each rule and example in each chapter, will be fre- 


quently found dependant on ſome preceding rule 
or chapter. 


1 ſhall now point out the other moſt material 
particulars, which are neceſſary to be known, and 
remembered by all who intend to be maſters of 
this moſt v/eful inſtrument. 

1. Then, it is neceſſary they ſhould have a 
right underſtanding of the prime and collateral 
radius ; alſo of the ſum, as well as difference, of 
places in any two or more -given numbers: of 
ſimple, duplicate, and triplicate proportions; and to 
obſerve, in what ſort of meaſure, weigbt, dimenſions, 
&c. the queſtion to be ſolved is PR and the 
anſwer required. 

2. Another eſſential reguiſite, in order to the 
rightly ſolving any problem by the inſtrument, is 
the operator's | Knowlddge of the value, in number 
of places, of the proper factor, diviſer, or gauge- 
point, with which he 1s at any time more imme- 
1 concerned. 

And for this reaſon each of the ſaid agents on 
the inſtrument is marked in ſuch manner, as that 
the value of each may be readily known at fight, 
whereon the certainty of aſcertaining a true an- 
ſwer in all caſes entirely depends. 
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3. It is moreover neceſſary, that the reader 
ſhould know when the principal agent in any pro- 
poſition be a factor, diviſor, or gauge- point; allo, by 
what particular lines of the inſtrument the ſaid 
Propoſition 18 to be ſolved; that he may not only 
the more readily find the ſaid agent thereon; but 
alſo, that he may the better and more readily be 
able to aſcertain the true value of any anſwer. 


But this, and alſo how to find the particular fac 


tor, diviſor, &c. required, on the inſtrument in 
any propoſition, are fully ſhewn in their proper 
places; I mention them here only, as they are 
ſome of the moſt neceſſary requi/ites to be known 
and remembered by the operator. 

I have but one obſervation more to make, and 
that is in regard to calculations on the inſtrument, 
which, though it may be looked upon as very fri- 
vilous; yet I am perſuaded the practitioner will 
find it of very great w/e. It is this; 

When any number concerned in any proportion 
is ſuch as is not found exactly expreſſed by any 
diviſion of the inſtrument, but muſt be ſuppoſed 
to be repreſented by ſome imaginary point between 
ſome two diviſions; the point repreſenting ſuch 
zumber muſt be eſtimated by the eye; which may 
be effected moſt nearly in the following manner. 

You are not to ſuppoſe the diſtance between 
any two next diviſions to be divided into 10 
equal, but into ſo many unequal parts; and the 
diſtance of ſuch ſuppoſed 10 parts from each 
other, muſt be imagined to decreaſe from the left 
3 hand 
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hand toward the right, on the diredt lines; but 


the contrary on the inverted lines; in the ſame 
proportion as do the tenths and centiſms of the 
ſame prime from each other. 

Thus, n it be required to place the prime 
3 on B, to the intermediate point 695 on A. 

I fay the point or prime 3 on B, muſt not be 


placed exactly againſt the middle between the 


two laſt diviſions or fenths, of the prime 6 on A, 
but ſomewhat more to the right hand of the ſaid 
middle, viz. nearer the prime 7; becaule all the 
intermediates become nearer to each other as they 
proceed from their reſpective Fines towards the 
right, conſequently the diſtance of the point which 
repreſents 695, mult be further from that which 
repreſents 690, than it is from that point which 
repreſents 700, viz. the prime 7; and ſo on of 
any other. 

I muſt here inform my reader, that the follow- 
ing ſheets which relate to the ſliding fines and 
tangents, were not deſigned to have appeared at 
this time; but by the advice and deſire of a wor- 
thy friend and 7ngenious mathematician, I have 
herewith publiſhed them, in hopes thereby, that 


this zreatiſe will become more acceptable and 
_ uſeful to the public. 


The method wherein I have treated this ſub- 
ject is the ſame with that of the other lines; both 
which, I am perſuaded, will be found to be Wan 
new, and I hope, ſatisfactory. 


My 
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My reader, perhaps, may think I have not 
been ſo full and explicite as I ought to have been 
in this part of my treatiſe, particularly in that 
which relates to oblique ſpheric triangles: but as 
my buſineſs is not to treat more ee of 
trigonometry, but of the uſe of the inſtrument in 
trigonometrical calculations in general, I hope 
what I have ſaid therein will be ſufficient to that 
purpoſe, 

It may not perhaps be diſagreeable to ſome of 
my readers, if I here ſhew, how each line is laid 
down on each inſtrument. 


I. For the Lines on the Officers and Artificers 
Inſtrument. | | 


Draw a right line F G, juſt twice the length of 


your intended 
| H 


. . — 
radius A, B, or C, and divide it into two equal 
parts in the point H; ſo will the line F, H, and 
H, G, be each equal in length to the radius A, B, 
or C; and the whole line FG, equal to radius D. 
Parallel to FG, and equal thereto, draw three 
lines to repreſent the radii or lines A, D, and E. 
Divide the line FG, and GH, or ſuppoſe them 
to be divided each into 10.000 equal parts; ſo 
will the whole line FG be divided into 20.000 
1 parts. 


From 


2000 

zooo 

4000 
Ec. 
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From the point F, perpendicularly on the lines 
A, D, and E, draw a right line; and the points, 
on each line, whereat the ſaid perpendicular falls, 
will be the prime point 1 of each reſpective radius. 


Thus: | 
1. For radii A, B, and C. 


Seek i in Sherwin's Tables of ane for the 


natural number 
3010, &c. ] and from this point on FG, draw 


8.8 2 
2214771 Ja right line perpendicularly on the] 3 

EZ 6020 line A, and it will be the point 4 | 
Zo &. whereon is to be placed the Prime. & ® 


2. For Bay” to D. 


Double the above logarithm, and it will become 
6020, &c. ] which point found on FG, and 2 


9542 transferred as above, on the) 3 
2041 + {| line D, will point out thereon 4 - 


&c. the prime — — - & c. 


3. For ak E. 


Divide the laſt logarithm by 3, and the que: 
tient will be 


25 _— which — transferred as| * 
6804 > above on the line E, will give 0 
&c. Ithereon the prime Pe FS 0. 


II. Of the Lines of Sines a Tangents. 


Having, by the above method, laid down 2 
radii of the line of numbers A, B, and C, in a 
on right 
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right line, and parallel thereto drawn two right 
lines to repreſent the lines of fines and tangents. 
Then, 


r. For fines. 


Seek i 1n the tables the natural fine of 


I - E [ 1747, Kc) Find this point on bins A and (1 

2 128 3489 transfer it on the line of ines, | 2 

3 25 © L238 and it will ſhew thereon the} 3 
&c. BE 2 | &c. Point : _ 2 22 = | &C. 

2 For tangents. 
TRAD Seek. 3 in the tables the natural tangent of 

3 ZE [ 1745, Kc. which point on A, being trans- (1 

2 > S 3492 [ ferred to the line of tangents 2 

3 2 s | 5249 as above, will ſhew N 3 
&c. J S © (&c. J the prime point &c. 


In like manner may the reſt of the primes and 
intermediates of each line be transferred. 


III. of ihe Line of verſed Sines, 


Having laid down a line of numbers conſiſting 
of three radii, which call A, B, and C, draw a 
right line parallel and equal thereto, to repreſent 
the line of V. ines; and thereon right againſt the 
prime 1 of radius C, place the point or radius go 
degrees; and againſt prime 2 of theſame radius C, 
place a cypher, to denote the firſt point or begin- 
ning of the line of verſed fnes, Then, 


1. For 


D * n ⏑ A 1 
1. For verſed fines greater than the radius. 


Seek in the tables the natural V. fine of 
$263, &c. J and from this point of ſ 80 


80 


= - 5 4 100 
70 15 V 6579 radius B, draw a perpen- | 70 £3 110 
60 g y 5900  dicular on the line V. 460 |= 2 4 120 
50 | £8 3572 ines, and it will cut the 50 | * 130 
&c. J $7 Cc. ſaid line in the poine L. &c. J g g Sc. 


2. Foo verſed 4 leſs than radius. 


Find the complement of the ſaid verſed fine to 
radius 10, and thereto prefix the radius or prime 
1, and it will become 


1:173, &c.Jand from this point of radius C, CS 
1.3420 draw a right line perpendicularly 70 


1. 3000 on the line of verſed fines, and ity 60 
1.6427 | will point out thereon the place of | 50 
&c. its prime, viz. - - &c. 


In the ſame manner may the reſt of the. primes 
and intermediates be laid down. 

N. B. All theſe lines may be laid down inde- 
pendant of the lines, A B, and C, by the tables 
artificial fines, tangents and V. fines. : 

As it would ſwell this treatiſe beyond its in- 
tended price, to have introduced it, as uſual, by 
a prefatory diſcourſe on fra#ional arithmetic : 
beſides there are ſo many Boots extant on that 
ſubject, which may be had at very reaſonable rates; 
and few perſons, I preſume, whoſe inclinations 
lead them to any knowledge of this kind, but 
yy 0 one or the other of them; and as I have, in 


2 | their 
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their proper places, ſhewn how to convert any 
vulgar fraction into its equivalent decimal and e 
contra, I hope I ſhall be excuſed in not ; comply- 
ing with cuſtom in this particular. 
I cannot in juſtice to the memory of the wor- 
thy and ingenious inventor of the lines which 
_ conſtitute theſe moſt valuable izſtruments, con- 
clude without acquainting my reader, that the 
learned. mathematician, 
Mr. EDMUND GUN TER, | 
Was born in 1580; bred at Chriſt-Church Oxon ; 
ſucceeded Edward Brerewood, profeſſor of aſtro- 
nomy at Greſvam-College, in November 1613; 
became famous for his tables of artificial fines and 
tengents, which were printed in latin octavo 1620; 
and for his elaborate concluſions on the /eFor and 
foreſtaff : he died in the year 162 3. 
The firſt, edition of his works is printed with 
additions by William Leybourn, who tells us, what 
plagiariſins have been made upon him. 
For the above anecdote, I muſt own myſelf 
obliged to my late worthy and ingenious friend 
William Oldyſs, Eſq; Norroy King at Arms, 
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ls wi | (london, Dec. 46, 1766. 


XI the author's requeſt, I have carefully ex- 
A amined two Sliding- Rules, contrived by 
the Reverend Mr. William Flower; the one 
adapted to the uſe of his Majeſty's Cuſtoms and 
Exciſe, (if it ſhall ſo pleaſe the Honourable Com- 
miſſioners) the other to the purpoſes of Arti- 
ficers in general; and I think- them far pre- 
ferable to any Sliding-Rule I have yet ſeen, for 
the. variety, facility, and accuracy of their. ope- 
rations, and for their portable ſize. I have alſo 
peruſed his manuſcript containing the conſtrultion 
and uſes of the ſaid Sliding-Rules, which I find 
drawn up with great judgment and perſpicuity; 
fo as to be not only a compleat Key (as it is called) 
to theſe particular Sliding-Rules ; but likewiſe 
applicable, in all reſpects, to any other. 


J. BEVIS. 


evan - 3 HAVING 
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AVING particularly examined #wo new 
Sliding-Ryles, conſtructed by the Reve- 
rend Mr. William Flower; do give it as my 
opinion, that they are well contrived; are con- 
ciſe and extenſive in-gperation; of a very conve- 
nient ſize; and well deſerve the notice of all ſuch 
as are concerned in the buſineſs of gaugixg, and 
meafuring, ſuperficies and ſolids; particularly the 
Officers of his Majeſty' s Cuſtoms, Exciſe, &c. to 
whoſe uſe they ate more peculiarly adapted than 
any 1 have Sw ſeen. 


The 50 of their uſe is ſuctinf and; FO 
and fully explains the true nature and rationale of 
theſe, and the ſeveral other kinds of Sliding - Rules 
now in uſe; ſo as to leave no ambiguity or doubt 
in the learner, what value to affix to the _ 
the ſame being here exattly n 


eaſy and general rult. Ly 
al Academy, Woolwich, | 
Roy NN J. L. COWLEY, 


HAVING 
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AVING been defired by the Reverend 
Mr. Flower, to examine his new invente 
| ins Rules, together with his treatiſe upoh mat 
ſubject; in juſtice to his ingenuity, 1 recomęa 
mend the ſaid inſtruments, as the moſt nſeful: 
of their kind I have ever ſeen, both for actaracy- 
and expedition, in gauging, menſuration, &c. 
they ſolving at one operation, fuch problems as 
ego ire two or more by the common Siding g 


In the treatiſe abovedmentioned, he has ex- 
plained their 2ſt in ſuch a clear and judicious 
manner, that no perſon, who reads it with any 
degree of attention, can be under the leaſt diſi- 
On with TROVE! to their aſpiration, 


JORNEALY 'Portſmouth, 8. wre. 4 
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Y the deſire of the Reverend Mr. Flower, 1 
have examined two new invented Sliding- 
Rules of his contrivance; one adapted to the uſe 
of his Majeſty's Officers of Caſtoms; and Exciſe; 
the. other of Artificers in general: alſo his manu- 
ſcript treatiſe containing the deſcription and uſes 
thereof: and my opinion is, that the faid inſtru- 
ments are more particularly well adapted to their 
intended ſes, than any I have. hitherto ſeen; 
and that the ſaid treatiſe is very worthy the atten- 
tion of all perſons concerned in gauging, or 
menſuration of any kind; it being not only a 
Key to the aboveſaid inſtruments; but alſo. to all 


Sliding-Rules now in uſe. 
London, SAM. CLARK. 


OR, 16, 1767. Teacher of Mathematics, 


CON- 


P A R 1 1 


Det, of the Infruments, with their Parts; 
of the Radii, with their Primes and Interme- 
diates, and their Eſtimation, Numeration, &c. to- 
gether with Tables of 194 fixed Factors, Diviſors, 
and Gauge- points; with the Uſe of the Line A, in 


1 ' gauging and meaſuring of Areas and Superficies. 


CHAP. I. Deſcription of the Inſtruments, with 


their Parts - - Page 1 
CHAP. II. Of the imaginary and collateral 
| Radii - - - „ 


CHAP. III. Of the Motion, Appropriation, and 
Tranſlation of Primes and Intermediates, with the 


Determination of the Radii = 1 
0 HAP. IV. Of the Nature and Uſe of the Col- 
lateral Radius — 4 17 


CHAP. V. Of the Diſpoſition of Primes and In- 
termediates on the Lines A, B and C, with the 


Manner of working Y ſimple Proportions thereby, 
Sc. — — — „55 


CHAP. VI. Of the Manner of performing Mul- 
tiplication, Diviſion, and the Rule of Three 
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MODERN SLIDING: "RULE. 


p A R T i 


Deſeription of TY Ene with their Parts { 7 
of the Radii, with their Primes and Inter- 
mediates ; and their Eftimation, Numeration, 

Sc. together with Tables of 194. fixed Fac- 
tors, Diviſors, and Gauge Points : With 
the Uſe of the Line A m gauging and mea- 

. Areas and ee 7h 


CH A . E 
Deſeription of the Inſtruments, with their Parts, 


SECT. I. Of the Officer's Infrument. 


HIS inſtrument conſiſteth of eight parts, 
vix. a nine- inch rule and ſeven fliding 


rods. It may be made of 12 if required. 


r. On the lower edge of the foreſide, viz. one of | 
the broader planes of the rule, is put one radius of 
B Gunter's 


* 2 


* 5 
G ; 
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Gunter's double line of numbers, called and 
marked, the line or radius A, and is numbered with 
the primes 1, 2, 3, 4, &c. up to 10, as uſual. 

2. On the upper edge of the ſame ſide or plane, 
is put a line without primes, having on it ſeveral 
diviſors properly placed and charactered. This 
I call the line or radius upper A. 

3. On the upper edge of the oppoſite plane to 
this, viz. the backſide of the inſtrument, is put 
the ſingle line or radius D, in a broken and 
doubled manner, as uſual. | 

4. On each edge, or narrower plane of the 
inſtrument is put a line of ſegments for ullaging 


of caſks: that for caſks lying is marked SL, that 
for cafks ſtanding, SS. 


Of the Slides, 

1. Abutting againſt upper A is a ſlide, on whoſe 
lower edge are put parts of two radii of Gunter's 
double line of numbers; but in an inverted or- 
der: that on the right-hand is called and marked 
the radius I; that on the left I 2; on its upper 
edge are ſeveral diviſors properly placed and cha- 
ractered. 

2. On the back ſide of the inſtrument under 
the line D, are two ſlides, each about half the 
length of the inſtrument, and are parts of the 
aboveſaid inverted line I, either of which is to 
be uſed with its cofreſpondent part I, or I 2 afore- 
ſaid; on their upper edges are alſo put ſeveral 
diviſors. 


T beſe 
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Theſe lines are to be uſed with A, B and C, in 
ſuperficial and ſolid meaſurement, as will be 
taught below. » 

3. On one ſide of two af the other ſlides are 


put two radii of numbers, called and marked B 
and C, each like unto A; and are both together 
to be uſed therewith, in ſuperficial meaſure, with 
the line I as aboveſaid ; and with D in ſuperficial 
and folid meaſure, alſo in proportions of like 
areas and ſuperficies. 

4. On the backſides of theſe ſlides is put the 
triple line E, in a broken and doubled manner. 
It is to be uſed with the line D in the meaſuring 
the -five Platonicks or regular bodies, and in 
finding the weights of the ſaid bodies in diverſe 
metals, woods and ſtone; alſo in the proportion 
of like ſolids. 

5. The other two ſlides are the 3 with the 
ſlides B and C, and are to be uſed together with 
the lines of ſegments in ullaging of caſks. 


SECT. II. Of the Artificer's Inſtrument. 


The lines here are exactly the ſame with the 
above, excepting only the lines of ſegments; ins» 
ſtead whereof may be put lines of fines and tan · 
gents, or ſome uſeful tables, 


Io 5s SECT. 
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SECT. I. Of the Radius, with its Primes and 
| Intermediates. 


Of the Radius. 


A radius is that part or portion of any line, 
which is intercepted between the prime or figure 
1 incluſive, and the next prime 1 above it, ex- 
cluſive: viz. the next 1 towards the left hand on 
the inverted line; but towards the right on all 
others. That is, the prime 1 is the firſt point of 
every radius. 


of the Primes and Intermediates. 


Primes are the figures 1, 2, 3, 4, &c. up to 9, 
which are on each radius of the inſtruments. 
They are ſo called, becauſe they repreſent the firſt 
figure of every number. | 

Intermediates are the ſtrokes of diviſion which 
are between every two primes, and do repreſent 
the ſecond and third figures, &c. in eyery num- 
ber. They are of two ſorts, viz. greater and leſs. 

1. The greater intermediates are uſually called 
tenths, whereof there are 9 between each two 
primes: one or other of which doth always repre- 
ſent the ſecond figure in any number, if it be not 
a cypher. | 


Thus: 
If theſ i, it will (firſt, tenth 
fecond } 2, be ex- I ſecond, | of its 


figure |] 3, ( preſſed } third, proper 
be 4, &c. ] by the (fourth, &c. ] prime. 


2. The 
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2. The leſs intermediates are uſually called cen- 
tiſms; whereof there are always 9 ſuppoſed to be 
between each two tenths; one or other whereof 
doth always repreſent the third figure in any 
number, if it be not a cypher. 


Thus, 

If theſ 1, it will firſt, centiſm 
third Ja, [ de ex- . * 
figure 7 OY rreſſed } third, proper 
be 4, &c. by the C fourth, &c. ) tenth. 


N. B. If the ſecond figure be a cypher, the 
third figure will be repreſented by one or other 
of the centiſms between its proper prime and firſt 
tenth. 

N. 4. All the centiſms are not put on between 
each two tenths, the diſtance of moſt of them not 
admitting thereof: but it is to be obſerved, 

1. That between the primes 1 and 2 of the line 
D, they are put on; fo that the point repreſenting 
the third figure of any number, whoſe prime is 
1, may be exactly found thereon. 

2. Between the primes 2 and 3 of the ſame 
line D, alſo between the primes 1 and 2 of the 
reſt of the lines of numbers, there are but four di- 
viſions between each 2 tenths, ny diviſion re- 
preſenting two centiſms, - | 


Hence, : 
If theſ 2, Jit will (firſt,  Ydiviſion or 
third J 4, be ex- ] ſecond, centiſm, 
figure ] 6, preſſed } third, of its pro- 


be 8, &c. J by the fourth, &c. Jper tenth. 
Note. If the third figure be 1, 3, 5, 7, or g, its 
_—_ will be found between ſome two or other 
B 3 of 
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of the Ave points. Between which two will 
eaſily be diſcovered. | 
3. Between each 2 tenths of the reſt af the 
primes on D, and alſo of the reſt of the primes 
of all the other lines up to the prime 3, there is 
but one diviſion, which diviſion repreſents 5 cen- 
tiſms, viz. 5 in the third place of any number. 
| If the third figure be greater or leſs than g, its 
| Point muſt be eſtimated by the eye. 
| 4. Between each 2 tenths of the reſt of the 
primes, viz. from 5 upwards, there are no cen» 
tiſms : ſo that the point repreſenting the third fi- 
gure in any number whoſe prime is 5 or greater, 
muſt be eſtimated by the eye, by ſuppoſing 1, 4, 
or 9 diviſions between each 2 tenths. 

N. B. If you ſuppoſe 9 diviſions or ſtrokes be- 
tween each two centiſms of the prime 1, on the 
line D, ſuch diviſions are called Milleniſms, and 
will repreſent the fourth figure in any number 
whoſe prime is 1, if it be not a cypher. Hence 

If the ſecond and third figures in any number 
be cyphers, its point will be found between the 
prime 1, and the firſt Milleniſm. 


— * —— ——  — — — 


| SECT. IV. Eſtimation of Primes and Interme- 
dates, 


The primes and intermediates are all arbitrary, 
and may repreſent units, tens, hundreds, or thou- 
ſands of units, &c. or they may repreſent a tenth, 
hundredth, thouſandth, or ten thouſandth part 
of unity, or of any thing. 


Thus, 


- 
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Thus, the prime 5, on any radius, may repre- 
ſent 5, 50, 500, or 3000, &c. or it may 
ſent . 3, . 0g. . oog, or .0005, &Cc. 

Alſo, the firſt tenth of the prime 3, may re- 
preſent 3. 1, 31, 310, or 3 100, &c. or . 31, . og t, 
0031, Or .00031, &c. 

Again, the centiſm or dirikon 3 the 

ſecond and third tenth of the prime 3, may 
repreſent 3.25, 32.5, 325, or 3250, &c. or. 325, 
og2 5, . 0323, or. 00325, &c. 
So the ſecond centiſm, between the gth * 
and 6th tenth of the prime 2 on the line D, may 
repreſent 2.54, 25:4, 254. Or 2540, &c. or. 284, 
.0254, .00254, or .000254, &c. 

And the ſecond centiſm of the prime 1 of the 
line D, viz. the ſecond diviſion or ſtroke between 
prime 1 and the firſt. tenth, may repreſent 1.02, 
10.2, 102, or 1020, &c. or. 102, . 0102, .00102, 
or. ooo 102, &c. | 

Hence, 

Obſerve, all integral or whole numbers hav- 
ing never ſo many cyphers annexed to but one 
and the fame ſignificant figure; alſo all fractions 
having never ſo many cyphers prefixed to the 
ſame ſignificant figure, are repreſented at the 
ſame point: 


Thus 25 24 4.7 yareall * ted at 
. .07 I the ſame point, viz. 
inte-] 700. e .007 | the prime 7. on any 
gers ©7000, tions C. ooo 1 | 


B 4 : 2, Ob- 
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2. Obſerve alſo, all numbers conſiſting of the 


ſame or like figures, are found at one and the 
ſame point. 


Thus, the 4 1.8955 and . 1895 on D, 
integral and) 18.95 (the J. 01893 (are all 
mixed num-} 189.5 | frac- } .oo1895 (repre- 
bers, 1893. J tions C. oo0 1895 ſented 


at the ſame point AG, of the officer's inſtrument. 


Alſo, 
The inte- C 1.354 and . 1354 yonDof 
gral and 13.54 (the J. 01354 Ithe ar- 
mixed 135.4 { frac- }.o01354 { tificer's 
numbers, C1354. tions C. oo0 1354 inſtru» 


ment are all repreſented at the point Sd: 


CHAP. II. 
Of the Imaginary and Collateral Radii. 


LACE the ſlides B at the left hand, and 
C at the right, between the lines A and 
I. or inverted line, ſo that the intermediate 95 on 
B, may join the intermediate 95 on C: then will 
the two flides B and C become one continued 
line, having on them two like and equal radii to 
the radius A. 
2. Move the flides together, till the prime 1 at 
the beginning or left hand of B, ſtands right 
againſt the prime 1 at the beginning or left hand 
of A: then will each prime and intermediate or 
b A, 
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9 
A, ſtand right againſt its liks prime or interme- 
diate on B. 


That is, the prime 2 on A will ſtand againſt the | 
prime 2 on B; and the prime 3 on A, againſt the 
prime 3 on B: fo the intermediate 25 on A will 
ſtand againſt the intermediate 25 on B, &c. 

Now, theſe two radii (A and B) thus ſtanding 
in a collateral poſition to each other, may be 
termed collateral radii or collaterals; and fo the 
primes and intermediates thereon may ve called 
collateral primes and intermediates. 

3. Now you are to imagine. another like and 
equal radius to A, B, or C, running upwards to 
the right hand from A, and abutting againſt the 
radius C, as A doth againſt B; each prime and 
intermediate of the one ſtanding right againſt its 
like prime and intermediate of the other, which 
I therefore call the collateral radius of C, 

- And thus may you conceive as many like and 
equal radii as you pleaſe, running from the radius 
A towards the right, with an equal number of 
like and equal radii proceeding in a direct line 
the ſame way from the radius B; each prime and 
intermediate of the former, at the ſame time 
ſtanding right againſt its like on the latter. | 
VN. B. This poſition of the ſlides I call the 
direct poſition of B. 

4. Move the flides together to the left, on the 
prime 1 on C ſtands right againſt the prime 1 on 
A; then will each prime and intermediate of the 


one 
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one radius, ſtand right againſt its like _ and 
intermediate of the other. 

In this - poſition you may imagine a like ths 
equal radius alſo to A, B, or C, running down 
from A to the left, and abutting againſt its col- 
lateral B; the primes and intermediates thereof 
ſtanding right againſt their like on B. 

And thus may you imagine an infinite num- 
ber of radii aſcending and deſcending from the 
radius A, and abutting againſt an infinite num- 
ber of like radii, the prime and intermediate of 
the one, ſtanding right againſt their like primes 
and intermediates of the other, on their nere re 
collateral e 

N. B. This a of the dee, I call the di- 
rect poſition of C. | 

N. A. The like i is to be obſerved wich reſpec to to 
| the inverted N 

All other poſitions of che des a are * ob- 
Ge + EB wana. e. ) 


* þ 
; 5 2 * am ” +» 7 « © * 
þ * „ 0 N 53 4 19 : - « 4 , 
— 
* 2 8 1 
4 12 * o — 1 1 
2 ® F 0 / VV ⁵⁵⁵ ( ß WW 
— 4 y 
. by 4 * 
* " 
. Z * » 4 
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c HAP. tt 


Of the Motion, Appropriation, and tranflar on of 
Pirimes and Intermediates, with the Determina- 
tion of the _ 


SECT. . Of the Motion of Primes and 4 Tie 
mediates. | 


LACE B direct; then Fae * hath no 
ſaid, as each prime and intermediate on 
A ſtands againſt its like on B, fo doth each prime 
and intermediate on every, ſuppoſed radius both 
above and below A, ſtand againſt its like on its 

reſpective imaginary collateral radius. 
2. Move the ſlides together to the left, till. 3 
on B ſtands right againſt 1 on A: now, every ra- 
dius both above and below B being ſuppoſed to 
be equally moved the ſame way, it is obvious, 
that the poſition of the primes and intermediates 
on every radius bath above and below A, is the 
very ſame in regard to their reſpective collaterals, 

as thoſe on A are to thoſe on its collateral B. 
That is, the prime 2, on each radius, both 
above and below A, doth now ſtand againſt the 
prime 6 of its collateral, as the prime 2 on A doth 

againſt the prime 6 of its collateral B. 

And at the ſame time it is obvious, that the 
prime z on each ſuppoſed radius above and below 
A, muſt now be imagined to and againſt the 
| 4 inter- 
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intermediate 15 on the next radius above its col- 
lateral; as the prime 5 on A doth againſt 15 on 
C, the next radius above its collateral B. 

Hence it follows, that all the primes and inter- 
mediates above the prime 3 on C, and alſo on 
every radius above C, are repreſented by the like 
primes and intermediates on B; and that all the 
primes and intermediates below the prime 3 on 
B, and on every radius below B, are repreſented 
by their like primes and intermediates on C. 

- Hence alſo it follows, that in every oblique 
poſition of the ſlides B, C, all thoſe primes and 
intermediates of the radius C, which ſtand above 
the radius A, are repreſented by the like primes 
and intermediates on the radius B; and all thoſe 
of the radius B, which ſtand below the radius 
A, are repreſented by the like primes and inter- 
mediates on the radius C, and conſequently, that 
every ſuppoſed radius both above and below the 
radii A, B, and C, are repreſented by A, B, and 

C. 753 


SECT. II. Of the Appropriation of Primes ond 
intermediates, and Determination of the Radii, 


The primes and intermediates. on every radius 
are, as hath been obſerved, all arbitrary, and may 
ſignify or repreſent any numbers at pleaſure: but 
it 1s to be obſerved, that as ſoon asyou have appro- 
priated any prime or intermediate, on any radius, 
to expreſs or repreſent any number then all the 
primes, 
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primes, and conſequently their intermediates on 
that radius are ſaid to be appropriated; and do 
then repreſent numbers conſiſting of an equal 
number of places with that number to which 


ſuch prime or intermediate was firſt appropri- 

8 | h 
N. B. The primes and intermediates on each 

radius do naturally repreſent numbers, conſiſting 

of one place more than thoſe on the nexr radius 
below it, or to the left. 

Hence, as ſoon as any prime or intermediate, 
on any radius 1s appropriated, all the primes and 
intermediates on every radius both above and 
below it, are alſo appropriated ; and the radii ſaid 
to be determined, becauſe we then know what 
particular number each prime and intermediate 
on every radius doth repreſent. 

Example. Let the prime 3 on B repreſent 3 3 
units; then is the radius B ſaid to be appropri- 
ated to numbers conſiſting of one integral place; 

and conſequently all the ſuppoſed radii both above 

and below are now ſaid to be determined. 

For now the primes 1, 2, 3, 43 &c. on B, 

do repreſent 1, 2, 3, 4, &c. units, and the like 

primes on C, do repreſent 10, 20, 30, 40, &c. | 

and on the next radius above C, they W 

100, 200, 300, 400, &c. | 

At the ſame time, the primes 1, 2, 3, 4, &c. 

on the ſuppoſed radius next below B, do repreſent 

1, . 2, +3, +4, &c, tenths of an unit; and on the 


ſecond 
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ſecond radius below B, they repreſent . o2, . oz, 


0g, 404, &c. or 1. 2. 3. 4. &c, hundredths of an 


unit; and ſo on proportionably, as the diſtance 
of the radius on which any number is ſuppoſed 
to be found, is from the radius firſt appropri- 
_ ated. 
VN. B. The ſame is to be underſtood with re- 
ſped to the radius A, and the radii both above 
and below it. | 
Example. Let the prime 5 on A repreſent 50; 
then will the prime 6, 7, 8, 9, &c. repreſent 60, 
70, 80, go, &c. The like primes on the ſup- 
poſed radius next above A, will now repreſent 
| 600, 700, 800, 900, &c. and on the next radius 
above that they will repreſent 7000, $008, gooo, 
&c. 
At the ſame time the like primes on the ſup- 

poſed radius below A, will repreſent 6, 7, 8, 9, 
&c. units, and thoſe on the ſecond radius below 
will repreſent .6, .7, .8, .9, &c, tenths and ſo 
on. 5 

Again, let the intermediate 245 on C repreſent 
24.5: then will the ſame intermediate on the ſup- 
poſed radius above C, repreſent 24.5.; and on the 
ſecond radius above C, the ſame mmm 
will repreſent 2450. 

At the ſame time the ſaid intermediate 245 on 
B, doth repreſent 2.45 z on the ſuppoſed radius 
next below B .245, and on the ſuppoſed radius 
next below that, the ſaid intermediate will repre- 
| ſent 9243, and fo on. 

The 
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The ſame is to be underſtood of _ on 
prime or a 


8 ECT. III. Of the 7 rauſlations f Primes and 
Intermediates. 


- Under this article! mean to ſhew, how any 
number ſuppoſed to be repreſented on any ima- 
ginary radius, may be transferred to one or other 
of the radii A, B, or C. 

1. Place the radius B direct, and let it repreſent 
numbers conſiſting of two integral places, and 
and let the radius A repreſent numbers of one 


| integral place. 


Now from what hath been ſaid in the foregoing 
chapters, it is evident, that each radius above and 
below A doth repreſent numbers conſiſting of 
one place leſs than its reſpective collateral. 
2. Suppoſe the radius A to repreſent numbers 
conſiſting of two integral places, and let the ra- 
dius B repreſent fractions of the firſt order, viz. 
tenths, that is 2. places leſs. 

It is evident, in this caſe, that the primes and 
mtermediates on each radius above and below 
A, do repreſent numbers conſiſting of two places 
more than the primes and intermediates, on their 
reſpective collaterals. 

Again, place the prime 2 on A to the inter- 
mediate 25 on B, and ſuppoſe the former to re- 
preſent the number 2. viz. 2 units, and the latter 
25. units, 


z | Then 
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Then the radius A being determined to repre- 
ſent numbers conſiſting of one integral place 
only, and the radius B of two, it is evident the 
prime 4 or A, doth repreſent the number 4. and 
doth ſtand againſt the prime g on B, which now 
naturally repreſents 50. Now, if I ſuppoſe the 
prime 4 or A to become 40, viz. one place more 
than the ſaid prime doth really repreſent, it muſt 
be ſuppoſed to be found on the radius next above 
A, and conſequently the prime g, againſt which 
it ſtands, muſt alſo be ſuppoſed to be on C its col- 
lateral, which doth repreſent one place more than' 
the radius B, and which therefore doth now re- 
preſent 500, viz. one place more than 40, as 25. 
is one place more than 2. 


| COROLLARY. 

Hence it follows, that the number of places in any 
number, repreſented by any prime or intermediate on 
any imaginary radius above or below A, bears the 
ſame proportion to the number of places in any num- 
ber repreſented by any prime or intermediate on its 
collateral, as the number of places in any number re- 


preſented on A, doth to the number of . repre- 
Hat by its collateral B. | 


CHAP. 


— —— 8 
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C 1 A P. Iv. | 
Of the Natare and Us f the Collateral Radius. 


SECT. I. of ibe PERS af the Collateral Radius. 


HAVE already given a general deſcription 
of the collateral radius, but as it is abſo- 
lutely neceſſary in every calculation by the in- 
ſtruments, to have a right and juſt underſtanding 
thereof, I ſhall here ſhew what is more N 
larly meant thereby. 

Firſt then, it is to be obſerved, that it in every 
operation by the inſtruments, three numbeis are 
always ſuppoſed to be given, and a fourth re- 
quired. 

Now the firſt of any three given numbers may 


be called the prime number; and that radius 


whereon it is taken, 58 be called the prime ra- 
. 1 ; 
2. One of the char two number, no matter 


which, muſt always be placed right againſt the 
prime number, and when thus placed, is called 


the ſecond or collateral number; and that radius 
whereon this ſecond number is taken, is called 
the collateral radius, or the collateral. 


SECT. II. Uſe of the Collateral Radius. 


N. B. On the right underſtanding of this radius 
in a | great meaſure depends the whole myſtery 


C of 


18 A KEY To Tan Part 1. 
of calculation by the inſtrument; for by the line 
A, and alſo I, the fourth number hath 3 varieties, 
by the line D it hath 5, and by the line E 7. 

Thus by the line A, it may either fall on the 
collateral, or the next radius above the collateral, 
or on the next below i it. 


1. Place 2 on B, to 1 on A, and let B be col- 
lateral. Now, if the third number be repreſented 
by any prime or intermediate between the prime 
1 incluſive, and the prime ; excluſive on A, then 
the fourth number will be found on B the colla- 
teral, and fo the anſwer is ſaid to fall on the col- 
lateral. + | 

But if the third number be repreſented by the 
prime 5, or any, other prime or intermediate above 
5 on A, then the fourth number will be found 
on C, and the anſwer will therefore be ſaid to fall 
above the collateral. 

2. Place 4 on C to 10 on A, and let C be tlie 
collateral 5 now, if the third number be repre- 
fented by the intermediate 25, or any prime or 
intermediate above it on A, then will the fourth 
number be found on C the collateral, and the 
anſwer be ſaid to fall thereon. 

But if the third number be repreſented by the 
prime 1 or 2, or by any intermediate below rhe 
intermediate 25 on A, then will the fourth num- 


ber be found on B, and the anſwer ſaid to fall off 
below the collateral, 


Hence 


f 


Chan. IV. Mop, SLI BINVe-Rul f. 19 


Hence obſerve, 
"WM 1. Je {be collateral, the anſwer will fall there: 


on, of off f above it. 


below 


2. If the firſt or prime number be taken c on B 
or C, then A muſt be the collateral. 


And if B be prime, then, becauſe the firſt and 
third numbers muſt always be taken on one and 


the ſame radius, the anſwer will fall on the col- 


lateral, or off below it. 

Thus, place 4 on B to 1 on A, and let B be 
prime radius, then if the third number be repre- 
ſented by any prime or intermediate above the 
prime 4 on B, the anſwer is ſaid to fall on the 


collateral A. 


But if the third number be repreſented by any 
prime or intermediate below the prime 4, the 


anſwer doth fall off below the collateral. 


From what hath been ſaid, it is evident, that 
if C be prime radius, the anſwer muſt fall on the 
collateral, or off above it, See chap. III. ſect. 1. 
| N. B. The varieties of D and E will be ſhewn 
in their proper places. 


C 2 CHAP; + 
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Part 5. 


Of the Diſpoſition of Primes and Intermediates on 
the Lines A, B, and C. with the Manner of work- 


ing of fi mple hs es thereby, Ic. 


SECT: I. Of the Diſpoſition of Primes and In- 
termediates on the Lines A, B, and C. 


HE primes and intermediates on theſe lines 

are diſpoſed in ſuch a manner, as that, if 

you place the firſt of any three given numbers on 
any radius, right againſt the ſecond, on any other 
radius; then againſt the third number on the 
prime or firſt radius, you will have a fourth geo- 


metrical proportional to the ſaid three 


numbers: that is a number which ſhall bear the 


given 


ſame proportion to the third number, as the ſe- 


cond doth to the firſt. Hence, 


tions by the Lines A, B, C. 


Ru LE. 


SECT. H. Of the Manner of working Wege. 


Set the firſt of the three given numbers, on any 


the {aid given numbers, 


radius, againſt the ſecond on ſome other radius; 
then againſt the third number on the prime ra- 


dius, you will have the fourth proportional to 


Thus, 


Chap. V. Mon SLipixG-RuLE: 21 
Thus, ſet 2 on A to 3 on B; then againſt + 
on A, is 6 on B, the fourth proportional to 2. 3. 
and 4. 

Or, if you ſet 2 on C to 3 on A; then againſt 
4 on C is 6 on A, the fourth proportional. 


Lemma 1. 


In every four geometrical proportional dire, the 
produft or rectangle made of the two mean or middle 
numbers, will be equal to the product or rectangle 
made of the two extremes, Thus in the above ex- 
ample. 

Set 2 on A to 4 on B, then en aca 4 
6 on B, as in the firſt example. And 

Set 2 on C to 4 on A; then againſt 3 on C is 
6 on A, as in the ſecond example. 8 


Thus charactered. 
1 3 


FF 
Hence obſerve, either of the two means may 
be made the ſecond term in any proportion. 
1 SECT. 
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> ECT. III. Of finding the Number of Places is 
in the Fourth Proportional. 


Recauſe the firſt and third numbers in every 
proportion is ſuppoſed to be taken on the ſame 
radius, it is evident, that if the firſt and third 
numbers in any proportion conſiſt of equal places, 
and the anſwer falls on the collateral, the fourth 
proportional will conſiſt of equal places with the 
ſecond number. (See chap. III. ſect. 2.) Hence, 

If the firſt and third numbers in any propor- 
tion are unequal, then, 

As many places as the third hath more or leſs 
than the firſt, fo many places will the fourth have 
more or leſs than the ſecond, if it falls on the col- 
lateral, (by corol. chap. III. ſect. 3. ) 

Or, as many places as the ſecond number hath 
more or leſs than the firſt, ſo many places will 
the fourth have more or leſs than the third, if it 
falls on the collateral. (See lemma, chap. V.) 

N. B. If the anſwer falls above. the collateral, 
it will have one place more; if below, one place 
lefs, in all caſes, than if i it falls on it. (See N. B. 
chap. III. ſect. 2.) 


Lemma 2. 


When three numbers are in geometrical proportion, 
the ſquare of the mean or middle number, will be 
equal 10 the produt? or reRengle made of the two 
extremes. Hence, 

To find the third geometrical] proportional di- 
rect to any two given numbers, 


RULE, 
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Ru k. 


Set the firſt number on any radius to the ſe- 
cond on any other radius; then againſt the ſe- 
cCond on the prime radius, is the third proportional. 

Thus, ſet 2 on A to 4 on B; then againſt 4 on 
A, is 8 on B and C. | 


CHAP. VI. 


Of the Manner of performing Multiplication, Di- 
vifion, and the Rule of Three Direct, by the Lines 
SAC. 


BSERVE. From the nature of the lines, 

the product of every multiplication, the 
quotient of every diviſion, and the anſwer in the 
rule of three, muſt be each a fourth geometrical 
proportional direct to ſome three given numbers. 


Hence, I. For Multiplication. 


If unity, or 1, be made the firſt term in the 
proportion, and the given factors the two means, 
the fourth proportional will be the product of the 
ſaid two factors. (See lemma 1. chap. V.) 

Thus, let the given factors be 8 and 6. 

| x 8. 6. 48. the 4th prop, 

Then it will be A; B:: + . 

Extremes. 1 

Now, 1. 4 48.=8.X6. =48 the product. 


C 4 Second, 


u. For Welden 


If the given diviſor be made the firſt term in 
the proportion, and unity and the diviſor the two 
means, the fourth proportional will be the quo- 
tient of ſuch diviſion. (See lemma as above.) 

Thus, let 6 be the diviſor and 48 the dividend. 

6. J. 8. the 4th prop. 


Then i itwillbeB: A:: C: A natural 


Extremes. Means. 
6X8=1.X48=48. and 48— —6=8. 


III. For the Rule of Three Dire&. 


If the diviſor be made the firſt term in the pra- 
portion, and the other two numbers the two 
means, the fourth proportional wil be the an- 
ſwer. (See as above.) 

Thus, let the diviſor be 4 and the other num- 
bers 6 and 8. 
4 8 12 the 4th propor. 
Then A 3 ; 5% 
Extremes. Means. 
4X12=6Xx8=48., and 6X8—4=12 Anſ. 


SECT. Il. Of finding the Number of Places in 
the Product of any tuo Factors. 


From what hath been ſaid (chap. V. ſect. 3. jj it 
appears, that if the third number in any propor- 
tion conſiſteth of one integral place, and the an- 
ſwer falls on the collateral, it will conſiſt of equal 
places with the ſecond number. 


But 
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But it is evident in this caſe; that the ſe- 
cond number conſiſteth of one place leſs than the 
ſam of the number of places in the. ſecond and 
third numbers in the Proportions viz. the two 
factors. 

Hence, if the anſwer falls on the collateral, it 
will conſiſt of one place leſs than the ſum of the 
number of places in the two factors. (See corol. 
chap. III. ſect. 3.) If it falls above, it will have 
equal places there with. (See N. B. chap. III. ſect. 
2.) 

Example 1. Given the factors 3.4 and 2 5. what 
is their product. 

e e 8. anGner, ” 
AA Þ: +4 A £8 0a, 

Anſwer falls on the collateral ; therefore it hath 
ohe place leſs than the ſum of the number. of 
e in both factors. 

Or thus natural. 
1. 28: 24" © $56 
A $82 A M0 

Examp. 2, What is the product of 4.8 by 25.? 

I * 120. anſwer, 
% Be FE” | 
The anſwer falls above the collateral; thence it 
hath as many places as are in both factors. 
Or thus natural. 
I 23. 4.8 120. 
„  ESIY, TIER © | 

Hence obſerve, if either of the given factors 
confiſterh of one place of integers, make that 

the 
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the third number! in the proportion, and the an- 
{wer will be natural. 

- Obſerve alſo, if either of the factors * a fra 
tion of the firſt order, then 


Let 10. on A repreſent unity ; then will the 
product be found natural. 


Examp. 1. What is the product of 36 by. 78 
1 „27. anlwer, 
%%% AC. | 

Examp. 2. What is the product of 36 by .25? . 
e , reer. 

A .. 

Note. If the fraction be of any other order, then 

As many cyphers as are prefixed thereto; ſo 

many places will the anſwer have leſs than natu- 


Thus, if the fraction in the firſt example had 
been .075, and in the ſecond .0025, the anſwers 
would have been 2.7 and. og. 


SECT. III. Of finding the Number of Places in 
the Quotient ariſing from the dividing of one 
Number by another. 


From what hath been nid! in the former ſection, 
it appears, that 

If unity be made the ſecond number in the 
proportion, and the diviſor and dividend conſiſts 
of equal places, if the anſwer falls on the colla- 


teral it will conſiſt of one integral place, viz. one 


- yu 


Chap. VI. Movzzn Siibe-Rul rn. 27 


place more than the difference of places in | the 
diviſor and dividend : alſo, 
If the dividend. be made the ſecond number 
in the proportion, and doth conſiſt of equal 
places with the diviſor, if the anſwer falls on the 
collateral, it will conſiſt of equal places wich the 
third number, . viz. one Cs more than the ſaid 
difference of places. 8 

Hence, if the anſwer a on the n it 
will conſiſt of one place more than the difference 
between the number of places in the diviſor and 
thoſe in the dividend. (See chap. V. ſect. 3.) 

Tf the anſwer falls below, it will have equal 
places with the ſaid difference. (See et alſo 
NM. B. chap. III. ſect. 2.) 


Examp. 1. What is the enen of 8 5: divided 
by 2.52 
IT 2.5 x . 
%% 9 

The differences of places in the dividhe and 
dividend =1. anſwer falls on therefore it hath 2 
places. 


Examp. 2. Divide 120, by 24.5. 
2.5 . 48. 
A d A 3 
The difference of places =2 anſwer falls below. 
Obſerve, if the diviſor conſiſteth of one inte- 
gral place, make 1. the third number in the 
proportion, then will the anſwer be natural. 
Obſerve alſo, if the diviſor be a fraction, let 
10 on A repreſent 1. and make it the third term 
5 


; 
: 
: 
1 
fi 
111 
** | 
i 


r 
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in the proportion,” then if the fraction be of the 
firſt order, the anſwer will be natural. | 


 Examp. 1. Divide 27. by .75. 
75 . 2:0 346. anſwer; 
& Dun aan, 
Examp. 2. Divide 9. by .25. 
25 9 ſ½%„ 36 anfwer. 
A: { ; . 
Compare the examples in this ſection, with 
thoſe of multiplication. 
N. B. If the diviſor be a fraction of any other 
order, then 
As may cyphers as are prefixed therein; ſo 
many places will the anſwer have more than na- 
tural. 
N. A. Multiplication may be performed by PE 
prime C, and diviſion by the prime A; regard 


being had to the reſpective collaterals, (See chap. 
. 


CHAP. VII 


Tables of Factors, Diviſors, and Gauge Points, with 
their Charaferiſticks and Uſes. 


1. Officer's Tables. 


TABLE I. F YIVISORS on upper A of the fi- | 


cer's inſtrument for gauging of 


right lined areas and ſolids, at one operation. 


No. 


Chap. VII. 


* Di vi ſors. 
2150. MB:: 
227. NMT. , 
2300.“ 
233. 


No. 


CRETE COS. 


25.66 WSS: 


23.67 GSS:* © 
268. MG.“. 
_ 27.14 -HS: 
282. AG.. 
30.28 Tp: 
31.40 Tpn: 


34.81 Gs: 
40.3 Ds: 


Chatad. 


SF: :* 


MoDpErNn Srime- Ror x. 29 


For Malt — -- Buſhels. 
_ Maſh Tun - - Gallons. 


Starch Fat - Buſhels. 


Wine - Gallons. 
White Soft Soap Pounds. 


- Green ditto - Ditto. 


Malt - =» Gallons. 
Hard Soap Pounds. 
Ale 3 + Gallons, 
Tallow groſs - Pounds. 
Tallow neat Ditto. 
Green Starch - Ditto. 


Dry Starch - Ditto. 


we The diviſor SF. (No. 3.) for want of room 
s put on radius 1 2, and marked SF ::; alſo 


| diviſor GSS' (No: 6.) on radius I, and marked 


688K 
N. B. Diviſor MG.. for want of room is e 
ted. 
TABLE II. .Diviſors on the inverted radius 1 of 


the officer's inſtrument, for gauging of circular and 
elliptical areas and ſolids at one a 


No. 
14 


15 
'16 


Diviſors. Chara@. 
11.68 PG: 
13.39 CG: 
25.679 G88: 


17 2928, SF: : 


18 
19 


20 
21 


32.54 WSS: 
34-55, HS: 
38.55 Tp: 
39.97 Tpn: 


Dee. | 
For Plate Glaſs - Pounds. 
Crown ditto - - Ditto. 
Green Soft Soap Ditto. 
Starch Fat — Buſhels. 


White Soft Soap Pounds. 
Hard Soap - Ditto. 


_ Tallow neat < Ditto. 


Tallow groſs = Ditto. 
| TABLE 
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TABLE III. Diviſors on the inverted radius 1 - 1 

2 of the officer's inſtrument for gavging of cir- 

. cular and elliptical areas, and ſolids at one opera- 
tion. d 
No. Diviſors. Chara#. .. 4 
22 10.77 FG: For Flint Glaſs - - Pounds. 4 
n 12.96 GB: Bottle ditto - Ditto. 4 
MER 24 2300. SFD:: Starch Fat -< Buſhels, 4 
0 258 2738. ME:: Malt - - < Ditto, 5 
0 26 289. MF... Maſh Tun - Gallons. - 
- 27 294.4. Was Wine Ditto. : 
28 32.68 GSS: Green Soft Soap Pounds. il - 
29-1 359, Ag.“ Ale Gallons. : 
30 44.32 GS: Green Starch - Pounds. 0 
31 31.3 Dry ditto Ditto. : 
Factor on radius A 
„ 3.14 Oh Circumf. of a circle, diamet. 1.13 

TABLE IV. Diviſors which may be put on the 

inverted line I of the officer's inſtrument for gaug- 

ing of ale, polygons and their priſms. 


No. Diviſors. Charadt. Uſe. 

33 198.5 G6gn.*. For the Hexagon, Side giveti. 
34 14.02 16gn: Ekdecagon 
35 160% h » Pentagon 

36 25.18 12gn: Dodecagon 

37 30.11 1 Endecagon 
3 Oc:: Circle, Cire. * 
39 339. Od. “. Ditto, Diam. 8¹ 

40 36.66 1ogn: Decagon, Side 

41 45.61 ggn: Nonagon 

42 438.40 gn: Octagon 

43 651.2 2810; Trigon 

44 77. yon Heptagon 

45 3.932 208 © Icoſagon 


TABLE 
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TABLE V. Diviſors which may be put on the 
radius I 2 of the officer's inſtrument for wine poly- 
gons and their priſms. 


No, Diviſor. Charact. ie. 
46 11.48 16gn: For the Ekdecagon, Side given 
47 134.2 3g.“ Pentagon 
48 20.63 12gn: Dodecagon. 
49 24.66 11gn: Endecagon 
0. - 204." -: GU% Circle, Diam. } . | 
= | Oc: : : Ditto, Circ. 9 
32 30.02 10gn: Decagon, Side 
53 37.36 qgn: Nonagon 
54 47.84 8gn: Octagon 
55 5333.4 3gn. “ Trigon 
56 63.56 7gn: Heptagon 
57 7.317 20gNn. Icoſagon 
58 88.91 ogn: Hexagon 


N. B. The dots or points immmediately pre- 
ceding or following the characteriſticks of the 
factors, diviſors and gauge points, denote their 
value; thus, 

1. If a point or points ſtand at the right-hand 
of any factor, &c. it denotes ſuch factor, &c. to 
be an integral or mixed number; and the num- 
ber of points ſhew the number of . places 
it conſiſteth of. 

2. If a point or points ſtand at the left-hand of 
any factor, &c. it denotes it to be a fraction; and 
the number of points ſhews of what order the 
ſaid fraction is. 

N. A. The factors, 1 and gauge poinst on 
the inſtruments, are charactered in the ſame man- 
ner as in theſe tables. 


TABLE 
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Diviſors which may be put on upper 


A of the officer's inftrument, for malt Polygons 


and their priſms. 


No. Diviſors. Chara#, 


Uſe. 


59 106.9 16gn.*, For the Ekdecagon, Side given 
60 1249. 5gn:: Pentagon | 
Or 1 I2gn.*. Dodecagon 

62 229.6 11gn.". Endecagon 8 

63 20 gc: Circle, Circ. Ne; 1 
64 7730. adi] Ditto, Diam. JS. 5 
65 279.4 10gn.”. Decagon, Side 

66 347.8 ggn.*. Nonagon - 

67 445.3 B8gn.*. Octagon 
68 4966. ] Trigon 

69 591% 71. Heptagon 

7 68.11 20gn: Icoſagon 

17 827.7 6gn. “. Hexagon. 

TABLE VII. Gauge points on the line D of the 


officers inftrument for gauging of circular areas 


and cylinders. 


No. G. P. Charaf. + .. = 
72 17.18 WG: For Wine '-- Gallons. 
73 17.3 MT: Maſh Tun Ditto. 
74 18.49 MG: Malt - - Ditto. 
75 -100.06; Ditto. 
76 3.282 FG. Flint Glaſs - — Pounds. 
77 . 7.418 PG. ¼— - Ditto. 
38 - 2-6 GB. Bottle ditto Ditto. 
79 - 14:06 +. Ex Crown ditto - Ditto. 
30 52732 MB: . Buſhels. 
81 5.70 % WSS. White Soft Soap Pounds. 
CC%%%%VVVVVFVTFChh ! - Dito. 
"03 £858 HS. Hard Soap - <- Ditto. 
„ Tallow groſs - - Ditto. 
% Tallow neat Ditto. 
$6 6.657 GS. Green Starch - - Ditto. 
7. "2462-19; Dry ditto - Ditto. 


2. | Arti- 


er 
ns 


en 


88 . 2230 .Sic S Square eg 


92 8660 . Ad 8 Triangle 
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2 8 Artificer 22 ables. | 


TABLE VII. Factors on the lower edge of the flide 
B, of the artificer's inſtrument, to be uſed with A in 
the proportions of the ſides of fuperficies inſcribed 


in a circle, &c. 


No, Fathers. Char. 8 . Uſe. 


89 .2756 Ac S Triangle ina 
go . 2821 vec © Square equal to a 


91 7071 Sid 8 Square inſcrib'd diame- 
[ in 4 (or J; 
93 -8862 Sed Square equal to a ge 


TABLE IX. Factors and diviſors on lower A of the 
_'artificer's inſtrument, to be uſed with B and C in 
meaſuring of ſuperficies. 


No. Fag. & Div. Char. | Uſe. 

94 10. LA: For Rectangular land, ſtatute acre 
. Board, &c. 
96 20. LA: Triangular land, ſtatute acre 
97 3: 141 Oc. Circumf. ofa circ. diam. given and cont. 
98 4726 .L24 Reduc:cnftom:land e to ? ſtatute 
99 3 I > oo 21 Acre. 


10 7854 td Redueing timber meaſure to cuſtomary 
tor 8462 LI8 Reduc. cuſtom. land of 18 pch. to ſtatute 
152 9 DO. Square Yards 
103 168. .. Great Square of 100 feet. 


D TABLE 
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TABLE X. Diviſors on upper A of the artificer's 
inſtrument, to be uſed with A, B and C, in meaſu- 
ring of ſuperficies and ſolids at one operation. 


No. Diviſ. Char. Uſe. 
104 100. Shw.-. For Burthen of ſhips of war 
. Bſt: Stock of boards 


106 12. GL: Glaſs lights, feet, dimen. inch. & feet 
307. 127 „ Ellipſis, circ. or priſm, diamet. given 
108 128. CW... Cord wood 

1091 144. D Tim.*. Rectangular timber 

1101 144. GL. . Glaſs lights, dimenſions, inches 
11111440. K:: Hundreds of ſawing 

114 172. RM:: Roods of marle 

113 18. ST: Tons of ſoil 


114 1810. © Tim: : Circular or ellipt. timber, Circ. given 
x15 183.3 OTim. . Ditto diam. 


116 408.3 BW. . Brickwork in perch. dimen. ft. & pts 
117 9. Polpr. Superficies of polygonal priſms 
118 93.64 Brko: Numb of bricks in walling, dim. ft. 
149 „ Burthen of ſhips, ſtatute } dimen- 
120 895. Shm: Ditto of merchant-men Por feet. 


N. B. Any of the above diviſors may be put on ei- 
ther of the inverted lines, viz. I, or I 2, if want of room 
or any conveniency require it. 

N. A. If occaſion requires, factors, . and 
gauge points, may be tranſlated into each other, thus; 
1. For Factors and diviſors. 

Divide unity by the one, and the quotient vill be 
the other. 


* diane tog and 106, are toth found at the ſame point. 
+ Numbers 109, 110 and 111, are all * at the ſame 
Polut. 


2. For 
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2. For Diviſors and Gauge Points. 
The ſquate root of mY diviſor is its equivalent gauge 


point. 
The ſquare of any gauge point i is its equi 15860 diviſor. 


FABLE XI. Diviſbrs which may be put on radius I, 
of the artifiter's inſtrument, for finding the weight 
of right lined priſms, of divers bodies, in the great 


handed dimenſions being taken in feet and deci- 
mal parts. | 


No. Diviſors. Chara#, Uſe. 
121 1.739 B. For Box 

122 1.932 O0. Oak 

123 %% @Þ#.. Fir 

124 66 M M,rble 
125 7168 8 Stone 
136 , 9562 K Alabaſter: 


TABLE XII. Diviſors which may be put on radius 
I 2 of the artificer's inſtrument, for finding the 

weight of circular or elliptical priſms, of divers bo- 
dies, in the great hundred, dimenſions being taken 
in feet and decimal parts. 


No. Diviſors. Charatt. Uſe. 
127 1.217 A. For Alabaſter 
128 2.265 B. Box 

129 2.460 O. Oak 

$20 4.112 . Fir 

131 8416 M Marble 


1132 9126 8 Stone 


1 TABLE 
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| TABLE xIII. Gauge points on the line D of the 
. ertificer's inſtrument, to be uſed with B and C, in- 
meaſuring of polygons and their priſms. 


No. G. Points. Charatt. Uſe. [9 
133 13.54 Od: For the Circle, diameter given 
134 18.23 3gn: Trigon, ſide 
135 2.133 20gn. Icoſagon 
136 2.667 gg ;õſ Pein 
137 2-586 T Dodecagon 
x35 % xi Endecagon 
129 42-63 - 08 Circle, cireumference 
140 4.326 10g n. Decagon, ſide 
141 4.826 ggn. Nonagon 
142 5-40x - ban. - Octagon 
143. 6.295 ²˙ © Heptagon 
144 7-445 Ogh. Hexagon 
145 9.148 ggn. Pentagon 


TABLE XIV. Factors on the upper edge of the ſlide 
B of the artificer's inſtrument, to be uſed with D, 


in finding the ſuperficial contents of polygons in d 
ſquare yards, a ſide being taken in feet and decimal 1 
parts. | 1 
No. Factors. Cbaratt. Uſe. ; 
146 1.04 11gn. For the Endecagon, ſide given 
147 1.244 I2gn. Dodecagon i 
148 1911 gn Pentagon : 
149 2.234 16gn, Ekdecagon ; 
150. .2886 .bgn | Hexagon 
151 3.507 20gn. Icoſagon 
152 ᷣ¹ , . 20% Heptagon 
133 iii Trigon 
x54 5363 .Sgn Octogon - 
I55 £6868 gn Nonagon 
156 .8549 .1ogn Decagon 


157 -08726 : Od Cirele, diameter given 
| TABLE 


rt 1. 
the 


* in- 
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TABLE XV. Factors on the lower edge of (lt 
or C 2, of the ariificer's inſtrument, to be vſed 
with D, in finding tbe ſuperficial content of the 
platonicks, or five regular bodies in ſquare yards, a 
ſide being taken in feet and decimal parts. 


No. Factors. Cbaratl. Uſe. - 
158 .1924 arn For the Tetraedron 


ven 


159 2.2938 aan, . Dodecaedron | 
ce 0  .349 0 - Sphere, diameter given 

161 .03563 .Spec Ditto, circumference 

162 3849 3rn Octaedron 

163 6660 . Hexaedron 

164 9622 .20m_ Icoſaedron 


| TABLE XVI. F actors 0 on upper edge of radius E of 
ide the artificer's inſtrument, to be uſed with D, in find- 
\ D, ing the ſolidities of the five platonicks. | 


s 188 No. Faftors, Chara. Uſe. 
mall 165 1. Ern. For the Heaaedron 

166 1178 Arn Tetraedron 

167 01688 Sphere, circum. given 
ven 168 2.221 20mm, IcCoſaedron 

169 4714 .. Krvi- Octaedron 

170 3236 .ypd Sphere, diameter 


174 7.637 rn Dedecaedron 


D 3 TABLE 
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TABLE XVII. Factors on upper E 2 of che artifi- | 
cer's inſtrument, to be uſed with D, for finding the 
weight of the platonicks in common ſtone, in pounds 
| Averdupoife, a fide being taken in inches and 1 5 


mal parts. 


Factors. 
01065 
001326 
02008 
04262 
04734 
177 
o9o41 


TABLE XVIII. 


No. 

172 
1 
174 
175 
176 


178 


6924 


ms 


Uſe. 


:3rn For the Tetraedron 


Spe 
220rnRn 


Hexaedron 


Sphere, circumference 
Icoſaedron 
Octaedron 
Sphere, diameter 
Dodecaedron 


F actors on lower E 3 of the artifi- 


cer's inſtrument, for finding the weight of the pla- 
tonicks of box, &c. 


No. Factors. Charatt. Uſe. 

179 .01756 :8rn For the Octaedron, fide given 
180 .01950 :Spd Sphere, diameter 

18x .02725 © bm Hexaedron 

182 .2852 .121n Dodecaedron 

183 . 004390 . Arn Tetraedron 
184. 0006290 ::Spc Sphere, circumference 
185 . 08274 220rn Icoſaedron 


TABLE XIX. Factors on E 4 of the artificer's inſtru- 
ment, for the weight of platonicks of marble, &c. 


No. Faftors, Chara. Uſe. 

186 .01155 Arn For the Tetraedron, ſide given 
187. 01653 . Spe Sphere, circumference 
$88 2177 20 Icoſaedron 

189 . 04622 :8rn Octaedron 

190. 05134 : Spd Sphere, diameter 
191.7308 r arn Dodecaedron 

492 .09805 :6rn Hexaedron 


Factors 
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Factors on E Go 


For the weight of the ſphere in iron and Ed. 
No. Factors. Cbaract. e. 


193.1447 -Spd.I For Iron . 3 
194.2144 Spd. L _ Lead [ diameter taken | 


CHAP. VIII. 


Of Multipcation, Diviſion, and the Rule of Three 
Dire, by the Line A. 


72 SEC T. I. Of Multiplication. 
la 1 By the Prime Radius A. 


PROPORTION. 
S unity (or 1.) on A, 1 5 
Is to either of the factors on B; 
So is the other factor on A, 
| Io the product on B or C. 
- See Multiplication, chap. VI. 
1 That is, place one of the factors on B, againſt 
unity (or 3) on A; then againſt the other on A, 
3 is the product on B or C. 


To find the number of places in the i product. 
] Ru l x. 
If the anſwer falls above the collateral, (viz. on 
C.) it will conſiſt of as many places as the ſum of 
the number of places in both the factors. 


If the anſwer falls on the collateral, (viz. on B) 
It will have ene place leſs. See chap. VI. feet. 2. 


8 | 94 | To 
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To find the ſum of the number of places in any 
two given factors. 

1. If the given numbers are both integral, or 
both mixed; or one integral and the ather mixed, 
or one of them a fraction of the firſt order, 

The ſum of the number of places in both is 
equal to the ſum of the number of integral proves 
in both given numbers. 


II. If one of them be an Integer or mixed 


1 * 


. 4 * 


der, then, 
1. If the number of [NOI places in \ the one, 

exceed the number of -cyphers prefixed in the 
other; dedu& as many places from the ſaid inte- 
gral or mixed number as there are cyphers pre- 
fixed, and the remainder will be the ſum of the 
number of places in both. 

2. If the number of cyphers aa * 1 

to the number of integral places, the ſum of the 
number of places in both will be negative, and 
will be expreſſed by a fraction of the firſt order. 
_ Hence, if the anfwer falls on B, it will be a 
fraction of the ſecond order. See the foregoing 
Rule, 

3. If the cyphers prefixed in the one exceed the 


number of integral places in the other, the ſum of 


the number of places will be expreſſed by a frac- 


tion, having as many cyphers prefixed. as the 
exceſs is. 


Hence, if the anſwer falls on B, it will have one 


cypher more prefixed than the ſaid exceſs, | 
| | III. If 


N 
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III. If both numbers are fractions, the ſum of 
the number of places in both will be expreſſed by 
a fraction, with as many * . as are 
prefixed i in both. 

Hence, if the anſwer falls on B, it will 3 one 


cypher more prefixed, than the ſum of the num- 
ber of cyphers prefixed in both. _ 


| Exam. 1. Mukiply 25. by 14. 
x WE Dit go. Anſwer. 
A: BE: A: B on ahbe collateral 
Examp. 2, Multiply 2.4 by 75. 


* Bk 2-4, 8: 180. anſwer 
A. B: c above 


Examp. 8 FR INES 3 nts 
|. - hin, Md 
„ 


Note. ifrcjaliwing: hs fachors conſifiech hunt af 
one integral place, make that the third number 
in the proportion, and the anſwer will be na- 
tural. Thus in the laſt example. - - 
thn ol gs! Bf, Os: © 
TFC 


Examp. 4. Multiply 48. by 4 
1 Ain 
A * RU K: O above 
Examp. 5. Multiply 32. 5 by .04. 
1 04 32.5 1-3 


” 
F 


04 
A: B :: A 0 "I 


 Examp. 
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Examp. 6. Multiply 3.4 by .0025. 
1 3.4 .0025 .o085 
K odours We 


Examp. 7. Multiply 04 by 075 nw 


1. 06 975 .003 
: B: Thr Ct above 


Note. When eicher of the factors is a fraftion 
of the firſt order, let 10 on A repreſent unity, and 
make the ſaid fraction the third number in the 
proportion, then will the anſwer be found natu- 
ral: thus in the fourth example. 

1% a. am. 
K A C natural 

N. A. If the fraction be of any other order, 
ſuppoſe it to be of the firſt order, and find the an- 
ſwer thereto natural; then as many cyphers as are 


prefixed in the fraction, ſo many places will the 
anfwer _ = than the * anſwer. 


2. By the Prime Radius C. 


N. B. In all oblique poſitions of the ſlides B 
and C, that part of B which ſtands below the radius 
A, is repreſented by its like part of C; and that 
part of radius C, which ſtands above A, 1s repre- 
ſented by its like part of B. See chap. III. ſect. 1. 

Hence, becauſe the third number in every pro- 
portion is ſuppoſed to be found on the prime 
radius, it follows, that if it be found on B, the 
anſwer falls off above the collateral. See Obſcrva- 
tions, chap. IV. ſect. 2. 


Examp. 
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Examp. 1. Multiply 35. by 24. 
1. 35 24 840 anſwer 
::] ꝗ eL‚ A” 

Examp. 2. Multiply 44. by 3. 
I 44 5 220. anſwer „ 
„ B: A above „ 


| Redufiion of Frattions * Multiplication. 5 


R u L E. 

Multiply the given fraction by a number equal 
to the number of parts, into which the given 1n- 
teger.1s, by the queſtion, ſuppoſed to be divided, 
and the product will be the equivalent. 


By the Prime A. Grit 

Eramp. 1. What is the value, in fillings of 
75 parts of a pound Refling'? ? 

I. o. 20 Ee 5 1g. anſwer 

A: C:: A: natural 

Eu 2. How many inches is 7 5 yoo of 2 

foot? 828 | 5 

Fon 9. milives 


A;::C:35 Rs | | 2 
SECT. II. Of Diviſn: 
1. By the Prime Radius A. 
PROP OKTE.10 N. 
As the diviſor on A, 
Is to unity (or 1.) on C; 
So is the dividend on A, 


To the quotient on B or C. 1 
See Diviſion, chap, VI. To 
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Io find the number of places in the oo 


5 


R v 1 2. 1 

If the anſwer falls below the collateral, (viz. 
on B) the number of places in the quotient, will 
be equal to the difference of the number of places 
in the diviſor, and thoſe in the dividend. 

If the anſwer falls on the collateral; (viz. C.) it 
will have one place more than the faid difference. 
per elch. IV. ſet. 3. | 
To find the difference of Pits” in any two 

given numbers. 

I. If both the given amb are Wen or 
mixed; or one an Sg, and the other a mixed 
number, | 
The difference of PR. 3 of places in the 

ſaid numbers will be equal to the difference of 
the number of integral places in both. | 
II. If one of the given numbers be integral or 
mixed, and the other a fraction, then 

1. If the fraction be of the firſt order, the dif- 
ference of the number of places in the ſaid num- 
bers, will be equal to the number of integral 
places in the whole or mixed number. 

2. If the fraftion be of any other order, the 
difference of places will be equal to the ſum of 
the number of integral places in the one added 
to the number of cyphers prefixed in the other. 

III. If both numbers are fractions, the diffe- 
rence of places, will be equal to the difference 
of the number of cyphers Nn in the ſaid 
numbers. 


3 | Examp. 
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Examp. 1. Divide 150. by 25. 
: 25. 1. . 6. anſwer 
A: C: Ly below 


Examp. 2. Divide 54. by 2.25. 


2.25 „ 54 24. 
A: C:: A: C 


Examp. 30 Divide 28.5 by 75. 
75 TI. * 5 38. 
A: C:: A: B below 
Examp. 4. Divide 6.5 by .025. 
025 1. 6 2 ,. 
A: Kn A © i 
Examp. 5. Divide .075 by .0025. 
| ns I. E 
A : Gt C 
Note. If the diviſor conſifteth of but one inte- 
gral place; or is a fraction of the firſt order, the 
quotient may be found natural by the _— 
PROTON TION. 
As the diviſor on A, 
HOO TE e 
So is unity on A. 
Jo the quotient on B or c. 
See chap. VI. ſeF. 3. | 
Examp. 1. Divide 180. by 4＋ 5. 
4.5 180. 1. 40. 
A „ 
Examp. 2. Divide 36 by. 15. 
-14; 32%; 44 Id... 
A: SA + S . 5 
1 Note. 
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Note. If a leſſer number be divided by a greater, 
the quotient will be a fraction, the value whereof 
will be found by the following 

N . 

If the anſwer falls below the collateral, the 
number of cyphers to be prefixed, will be equal 
to the difference of places in the oor, and, 
thoſe in the dividend. 

If it falls on the collateral, it will have one cy- 
pher leſs. 


Examp. 1. Divide 2. by 40. 


40. 1. 2.  .05 anfwer 
A below 


Examp. 2. Divide 4. by 20. 
20 1. 4 2 anſwer 
A 


VN. B. Diviſion may be performed by the 
prime radius B or C, regard being had to the 
anſwers falling on or off the collateral. See the 
N. B. on Multiplication by the prime C. 


How to reduce a vulgar fraction to its equiva- 
lent decimal. 


RU 1 K. 


Divide the numerator of the given fraction by 
its denominator. 


PROPORTION 
As the denominator on C, 
Is to unity on A; 
So is the numerator on B or C, 


To the decimal on A, 
Exampr 


Chap. VIII. Movzan SL1DincG-RuLE. 42 
Examp. 1. Reduce 7x. 

4. 1 „„ 25. aniwer — 

Cr AS C4. 


Exump. 2. Reduce * 
WWVÿh; 23 2 
Ci Aay % A 


Examp. 3. Reduce J. 


* 


OE: LE ER 
Gi: ES iid: 
Examp. 4. Reduce . | 
40. 1 1 
C: A B.: A 
Examp. 5. Reduce s. 


40 0 3 of 
C: A:: C: A below 


SECT. III. Of the Rule of Three Direct. 


CCC 
As the firſt number 
Is to the ſecond; 
So is the third 
To the fourth. 
See chap. V. ſet. 1, 2. 
To find the number of places in the anſwer. 
| R Ul. E. = 
As many places as the ſecond number in the 


Propertion hath } 1 than the firſt; Jo many 
ON iI 


_— 
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will the anſwer have J re ! than the third, if 


it falls on the collateral, 


If the anſwer falls 955 4 the collateral 
Nee one place. 


Or thus: 
As many places as the third number hath 


15 | than the firſt; ſo many will the an- 


fer have "Ic © | than the ſecond ; if it falls 


on the collateral. See chap. V. ſect. 3. 


1. By the Prime Radius A. 


Examp. 1. Given the numbers 35. 5. and 31 3. 
235. % er 
VVV 
Examp. 2. Given 25. 75. and 8. 


25. 75 = 1 1 
A: B:: C above 


Examp. 3. Given DE 7.5 and 24. 
\ "75 12:5 - 3 
1 B below 
Erxamp. 4. Given .00365, 6.57, . 0425. 
. 00365 6.57 0425 76.8 
A: yr 83 


2. By the Prime Radius B. 

 Examp. 1. Given 75, 4.5, and 2. 3˙ 
75. 4. 5 3 
3 A. 


Examp. 
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Examp. 2. Given 8.2, 24. and 1.5. 


8.2 24. 1.5 4.4 
:; © : & an 


See the N. B. in Multiplication by the prime C. 


3. By the Prime Radius C. 


Examp. 1. Given 15.4, 4.85 and 2.7. 
1 a w 85 
E C A 


Examp. 2. Given 15.4, 4 85 and 84. 
IS. 4 4.85 84. 26.45 
0 A :: 05: A yore 
See N. B. as above. 


To find the value of any * Sl in 
parts of ſuch denomination into which its integer 
is, by the queſtion, ſuppoſed to be divided. 
PROPORTION. 

As the denominator of the given fraction 

Is to the number of parts, into which its 

integer 1s ſuppoſed to be divided; 1 

So is the numerator 
To the number of parts. 


Examp. 1. What i is the value of 2 L of a pound 
ſterling, in ſhillings? 

Fr N” filling 

A: C:: A: C 
Examp. 2. What is the value of 2 : of a pound 
Nierling, i in pence? 

8 8 144. pence 

A 5 ü 2 | 
E Examp. 
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Examp. 3. What is the value of 2 of the hun- 
dred weight, in pounds averdupoiſe? 
4 iii. aas 
A ed cone 
Note. The anſwers are all natural. 


CHAP. . 


Uſe of Diviſors on A, B, and C, of the Officer's 
5 Inſtrument in gauging of Areas, 


TAB. I. II. and II. 


PROPORTION. 
S the proper diviſor 
Is to one of the given ſides;* 
So is the other given ſide*® 
To the anſwer. 
Note. If the area be a circle or ellipſis, for ſide* 
read diameter. 
To find the number of places in the anſwer, 
| fee Rule of Three, chap, 8. ſea, 3. 


SECT. I. Of right lined Areas by the prime 
Radius A, (Table I.) 
Examples. 
1. By diviſor MB:: (No, 1.) 
Given a parallelogram, length 48 inches, 
breadth 30; what is its area in malt buſhels ? 


MB:: 48. 30. .b7 anſwer 
A: 35 on 


2. By 
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2. By diviſor WSS: (Ne, 5.) 
Given a parallelogram - 185 inches by 1323 
what is its area in pounds of white ſoft ſoap? 
WSS: 18.5 13.5 9.77 anſwer 
A: Cn : BU 
3. By diviſor Tpn: (No. 11.) 
Given a parallelogram 843 inches by 6.25; 
what is its area in pounds of tallow neat? 


Tpn: 8.75 6.25 1.74 anſwer 
A: * & + ©; ann 


SECT. II. Of Diviſors on B and C, for circular 
aud elliptical Areas, (Tab. II. and III.) 


N. B. As every part or point of the radius B 
or C, cannot be placed againſt every part or point 
of the radius A; therefore it is neceſſary that the 
aboveſaid diviſors be placed both on B and C. 
Hence obſerve, | 


If the prime of the proper diviſor be | ST” 
than the prime of either of the numbers which 
_ expreſs the given dimenſions, make ] CI prime 
radius. | 
Examples. 
1. By diviſor PG: (Ne. 14.) | 
Given a circle, diameter 18.6 inches; what is 
its area in pounds of plate glaſs ? 
PG: 18.6 18.6 29.3 anſwer 
C A E As 
TREE 


52 © 030 A KEY To Tre | Part 12 
2. By diviſor ag.. (No. 29.) 

Given an ellipſis tranſverſe diameter, 24 in- 
ches, Se 153 which i is its area in n ale gal- 
b? 85 | 

iz. 2.02 
SV: ⏑„— 37863; & 

Given the tranverſe diameter, 75 wwe my u- 
gate 44x 3 what is its are? 
ag. 75. 445 9.29 

S: 


3. By diviſor GS: (No. T0) | 
Given an ellipſis, diameters 7.4 and 8.6; what 
is its area in-pounds of green ſtarch ? 
GS; 7.4 8.6 1.43 ron 
C: ons a: 8 bs 
N. B. All the above proportions may be per- 


formed by the inverted lines, as will be taught 
below. 8 
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C HAP. X. 


Uſe of the Factors and Diviſors on A, B, and 
C, of the Artificer's — in 1 e, of 
Cy Se. = to 


TAB. VIII. and IX. 


SECT. I. Of Fabers on lower B. (Tab. 
| VIII.) 


PROPORTION, 


S unity on A, 


Is to the proper factor on B; 
So is the given length on A, 
To the anſwer on B or C. 


To find the number of places 1n the anſwer, 
fee Spb as chap. VIII. 
hn Examples. 
1. By factor Sic (No. 88.) 


Given the circumference of a circle 254 ; what 


is the ſide of the greateſt — which can be in- 
ſcribed therein? | 


e 25.5 5.73 
A nN B 
9 By factor Sec (Ne. go.) 


Given the circumference of a circle 487 what 
8 : E 3 18 
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is the ſide of a ſquare, whoſe area mall be equal 
to the area of the ſaid circle? 

1. Sec 48.5 13.65 
A: B :: A : C above 


3. By factor. Sid (No. 91.) 

Given the diameter of a circle 1263 what is 
the ſide of the greateſt ſquare which can be in- 
ſcribed therein? | 

5 Sid 126. 89.1 
A: B r A : B 


SECT. U. Of Diviſers 08 4. (Tab. IX.) / 


PROPOR T1 0 N. , 


As the proper diviſor on A, 0 
Is to one of the given lengths on B or [5 
So is the other given fide on A, 
To the anſwer on B or C. 1 5 9 * 
1449 


To find the number of places in the anſrer; | 
fee Rule of Three, chap. VIII. 2 


yl i 


J 


Examples.” 225 PR £74 r 
1. In board meaſure. . 
By diviſor 12: (No. 95.) | 


Given' a board 25; feet / long, and 5 inches 
broad; what is its content in ſuperficial feet? 
% 366 * = 1 42:5 anſwer 
„ B natural 


eX. 2 2. In 
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In land meaſure, 8 


By diviſor LA: (Ne. 96. ) 


Given a trapezium of land, whoſe dhgonal 1 is 
8 chains, 45 links; and the ſum of the perpen- 
diculars 8 chains and 16 links ; what is its con- 
tent in ſtatute acres? _ 
LA: 8.45 8.16 3.44 
A: B +: A: C above 


3. In ceiling, wainſcotting, painting, paving, &c. 
By diviſor d. (No. 102.) 


Given a ceiling, wainſcot, or pavement, length 
25, feet, breadth 14.6; what is its contents in 
ſquare or ſuperficial yards? | 

OY. 25. 14,6 40:55 
A ; © ©:&A B below 


4. In flooring, tiling, and roofing. 


By.diviſor Q.. (No. 103.) 
Given a piece of flooring, tiling, or roofing, 
length 235. feet, breadth 38. 55 how many 
ſquares doth it contain? 
den stine A eee ee | 
A: Ci: A: Bon natural 


N. B. Becauſe the third number in the pro- 
portion is ſuppoſed to be found on the prime 
n you" may ſuppoſe the prime 1. on A, to 

5 4 | repreſent 
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repreſent the diviſor z then make 235. the third 
number, and the anſwer will be alſo natural, VIZ. 


Q. 38.5 235. 90.4 
5 : B :: A: B 


SECT. i. Of Fadtors, which are al Diviſars 
on A. 
gan 
I. By factor and diviſor Oc. (No. 97. 


1. By the factor. 
Given the diameter of a circle 8.6; what is 1 


circumference? ? 


x 8.6 Oc, 27 anſwer 


A: B:: A: C natural 
2. By the diviſor. 
Given the circumference of a circle 27.3 what 
is its diameter? 


Oc. 27. 1. 8.6 anſwer 
A:; : K Wmmura 


Ul. By factor and diviſor td (No. 100.) 
| 1. By the factor. e! 
Given a piece of round timber, whoſe true 
content is found to be 31 feet; what is its con- 
tent cuſtomary meaſure? _ 
"1.0 381. . td. 24-3 
A : C: A: C natural 15 
2. By 
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2. By the diviſor, 


Given a cylindrical piece of timber, whoſe 
content, by cuſtomary meaſure, .is found to be 
24.3 feet; what is its true content? 

md 24.7 1-0. 31. anſwer. 


1 
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Taz Exp or Taz FigsT Part. 


K "ol 


TO THE | 


MODERN SLIDING RULE. 


PA R T ns 


Of the inuerted Line I in the Rule of Three 
Faverſe, and Compound M. ultiplication and 
Divifion ; with the Uſe of the Diviſors 


* thereon in gauging and meaſuring Areas, 
Superficies, and Solids at one Operation. 


ok 
Of- the Diſpoſition of the Primes and Intermediates 
on the inverted Line; 'of compleating * Radii, 


and ef working r therey. 


SECT. 1. Of the Diſpoſition of Primes and In- 
 Hermediates on the inverted Line. 
IS line conſiſteth of two like and equal 
radii, to the radius A, B, or C; but 
N the primes and intermediates thereon in 
J. inverted order. See Deſcription, part I. chap. 
Hence, with the ſlides B and C, the fourth 
N 
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proportional inverſe to any three given numbers 
may be found, thus, 

Set the firſt of the given numbers on he in- 
verted line, to the ſecond on B or C; then againſt 
the third on I, or I 2. is the proportional ** 
Let the given numbers be 6, 8, and s. 

Move the flides BC together till 6, on 1 ſtands 
right againſt 8 on B; then againſt 20, on I 2, is 
2.4 on B, the fourth proportional. 


| _ . 2 T. II. of nn the inverted Radi. 3 


This may be a W enn of their 
A which are on the back fide of * inſtru- 
ment. 


9 Meg 


1. Place the inverted line even with the ſtock 
or rule, fo that the prime 1. of the radius I 2, viz. 
the point marked 10. in the middle thereof, may 
ſtand near the middle of the inſtrument. -, 
2. Place the ſlides B and C between the ſaid 
inverted line and the radius A, ſo that they may 
Join each other at the intermediate point 95 of B. 
35 Move the ſlides B, C together, till the 
prime 1. of C, ſtand * againſt the m— 4. 
of radius I 2. : _ 
Now, it is eaſy to conceive, that 1 primes I, 
2, and 3, of the radius I, with their interme- 
diates, doth each ſtand againſt the very ſame 
points of the radius C, againſt which the like 
primes 1, 2 and 3 of the radius I 2, with their 


inter- 
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intermediates, do each nen ſtand c on the 
radius 83. 

Again, the primes 4, 5, 6, 7, 8, and 9, of ra- 
4 I 2, with their intermediates, do each 
ſtand againſt the very ſame points of the radius 
B; againſt which the like primes 4, 5, 6, 7, 8 
and 9 of the radius I, with their intermediates, 
do each reſpectively ſtand of the radius C. 7 

Hence the ſaid parts of the inverted radii do 
repreſent but one entire radius, viz. I or I 2. 

From what hath been ſaid, it appears, 1. That 
when B is oblique, viz. when any part thereof 
| ſtands againſt any part of radius I, if you ſuppoſe 
I to be prime radius, then will its other * | 
repreſent the radius C. Thus, 
Move the ſlides together to the right, til = 
prime 1 of C, ſtands againſt the prime 6 of 1 
then all chat Part of radius B downwards, or to 
the left from prime 6, incluſive, (prime 1, of 
I 2, being its firſt point) doth repreſent C. 

2. When C is oblique, viz. when any part 
thereof ſtands againſt any part of I 2, if you ſup- 
| poſe I 2 to be prime, then will its other part 
reprelens the radius B. Thus, 

Move the ſlides together to the left, till prime 
1 of C ſtands againſt prime 2 of I 2; then 
will the reſt of the radius C upwards, or to the 
| right from prime 2, excluſive, repreſent B. 

And thus it will be in all polmions of the ſlides 
B, © | 


Hence, 
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Hence, 

1. When Bi is oblique, that part thereof which 
ſtands againſt any part of I 2, becomes C. 
2. When C is oblique, that part thereof which 
ſtands againſt any part of I, becomes B. 


SECT. III. Of fading the Number of Places in 
the. fourth Proportional, and 7 refifying the 
In firument. 


It is evident from inſpe&tion of the Inſtrument, | 
that if the third number be greater than the firſt, 
the fourth will be leſs than the ſecond: alſo, if 
the third number be leſs than the firſt, the fourth 
will be greater than the ſecond. Thus, 

Set 1.5 on C to 4 on I; then againſt 3 on I 
is 2 on C. 

Here the third number 3 is leſs than the firſt 4, 
and the fourth, viz. 2, is greater than 1.5 the 
ſecond. 

Now, if you ſuppoſe the third number to be- 
come 30, viz, one place more than 3, the ſaid 
30 muſt be ſuppoſed to be found on the next 
radius above I, viz. I 2; conſequently the fourth 
proportional will be found on B, viz. the next 
radius below the collateral ; therefore it will have 

one place leſs than in the former caſe. Hence, 


To find the number on places in the fourth 
Proportional: 


RuLE, 
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ee ern Dt. 

IHN the anſwer All on the collateral, i it will con- 
fiſt of as many places as leſs 1 than the ſecond 


number, as cho third hach lege > ty i 


VM. B. If the anſwer falls | — — 


teral, it will have one place 1 le 3 than if it 
falls on 


Examp. 1. Glas the numbers 4, 15, and 20; 
what is the fourth proportional? 
" ao I MM 3: 
I: „ WiC. 
Examp. 2. Given the numbers 13, 36, and . 
"236. ak 8 | 
Iz : C:: I: B below 
 Exainp. 3. Given 120, 13, and 6. 
120. 13. 6. 260. 
Ia: : : Bacon... 
Examp. 4. Given 8, 70, and 20. 
8. 6 WK 36: 
I: B:: I2 : C above 
. Examp. 5. Given 60. .3 and 1.5. 
=" = 0 0 * 3 
T:: B: In : © above 
N. B. When 1 difference of places in the 
firſt ind ay number =1, and the leaſt of them 


4 is 
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is found on 5 the anſwer will be natural, as in 

the iſt, 2d, a 4th of the above examples. 
But the fourth proportional may be more ex- 

peditiouſly and obviouſly found by the following 


method. ._. 

- Move the ng line to 45 left, till the braſs 
pin in the middle thereof, doth ſtand againſt the 
braſs pin on. the left hand of upper A, and com- 
pleat the radius I. 

Then is the inftrument redtified for this owe 
poſe. : 


And if 2 I be. be collateral, the anſwer will fall 


c above 0 
on or orf bos fit. 


Examp. 1. Given 6, 40, and 50, to bene the 
fourth proportional. 


& 2250," e . 4.8 
CCC 

The anſwer falls on collateral; therefore it 

hath as many places leſs than the ſecond number, 

as the third hath more than the firſt. 


Examp. 2. Given 6, 7, and 20. 
5. Bl I-55, 
1311 | | 
The third number hath one place more than 
the firſt; therefore, if the anſwer had fallen on the 
- collatera], it would have had one place leſs than 
the ſecond number; 3, but it falls above it, and 


conſequentiy hath one Place more; via. equal 
r Wl the ſecond.” 


83 
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 Examp. 3. Given 3.4, 15. and 12. 
3.4 156. 12 4.25. 
„„ 44-4 20 
Anſwer falls on, therefore it hath as many 
places leſs than the en as the third. hath 


baer 4. Given 14. 2. 2.5, and 5. 
CV Js. 
FU! WK | 
If the anſwer had fallen on, it would have had 
one place more than the ſecond number, becauſe 
the third hath one leſs than the firſt; but it falls 
below, therefore it hath equal place therewith. - 


C H A P. "Ih A 
Of Multiplication, Simple and Coping a, the 


inverted Lines. N 


SECT. I. Of Simple Multiplication, or how 


to find the product of any two ae multi- 
Fe into each ny. ; 


IF any four numbers are in geometrical pro- 
portion inverſe, the product of the firſt and 


| ſecond numbers will be equal to the product of 
the 2 two. 


E Thus, 
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Thus, in the laſt example of the foregoing 
chapter, where the r 9 5. 
and 7. 
14. *. SN x33. 1 NIEIEE" 
Hence, if the two given- factors be hats 8 
firſt and ſecond terms in th& proportion, and 
unity or 1, the third; the fourth proportional 
inverſe therets, will be the product of the faid 
factors. Compare with the direct rule, part 1. 


_ Examp. Let the given facboes be 4 and 2. | 
Rectify as taught in the foregoing chapter, then 
plate 2 on C to 4 on I; and againſt 1. on I, is 
8, the foutth proportional on C. That i is, 
p 5 
138 
Here PE & oy 8.8 the product. 
Again, let the given factors be 6 and 7. 


Place 6 on B to 7 on I; and againſt 1 on II is 
3'& CC. 


C»ĩVéÿ on 42. 
„ 
Here 7.X6=1.X 42. 42 the product. 
70 find the number if places i in the product. 
Becauſe unity or 1, is always the third number 
in the proportion, it follows, that 


If 1 8 To be collaeraly the anſwer will fall 


. — * 


169 e ep od thy debe b 
ve 2% Kis zacmda 2: 
* 


1 + 1 Hence, 
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Hence, 
If 1 Ie collateral, the number of places in 


| the product will be r the for of 


the number of places in Po factors. See port 
I. chap. VIII. 


* / ' 


SECT. II. Of Compound Multiplication, or bow 
to find the Produ of three Numbers, when mul- 


tiplied continually inis each * at one opera- 
tion. 


Lemma 2. 


In all 1 of the ſlides, ner prime 
or intermediate of the inverted radius I, ſtands 
againſt any prime, or intermediate of the radius 
C; the like prime or intermediate with the 
former on I 2, doth ſtand againſt the like prime 
or intermediate with the . on the _— 
B. Thus, = 

Rectify as above taught, (See 1a chap ſee, 3.) 
then place the prime 3 on C, to the prime 2, on 
I; then againſt the prime 2, on I 2, is the prime 
3 on B; and at the ſame time, as prime 1, on [I 
doth ſtand againſt prime 6, on C; fo doth 
prime 1, on I 2, ſtand againſt prime 0 on B. 

Hence, 

The * of any two numbers will be al- 

We Run againſt the prime 1, of radius I 2. 


F 2 Thus, 


A Key TO THE Part 2. 


Thus, in the laſt example. 
E 265: 4; Res 
E i 0 
Here, C is collateral; therefore the ts 
hath one place leſs than the ſum of the number 
of places in both the factors. See the laſt ſettion. 
Again, 
* 
und zal | 
Here, B is collateral; therefore the number of 
places in the product, equal the ſum of the num- 
ber of places in both factors. See as above. 
Now, the braſs pin G, at the left hand of up- 
upper A, doth ſtand right againſt the prime 
1, of lower. radius A, therefore in this poſition 
of the inverted line, the product of any two 
numbers will be always found againſt the prime 
1, of radius A, conſequently the product of any 
two numbers may be multiplied by a third num- 
ber, at one ſet of the inſtrument, by the Rule of 
N ulriplication by the direct Lines. 


Eranp. Given the number 5. 6. and 3. 
5. 6. ben 39. 28. *6. 
It will be iſt 1: B:: T2: B 
and in the ſame poſition, 


3 * 1 "90. =30X3 
It will be 2dly A: B A: B 
that is, at one operation, 
5. 6. oy 3. 90. 
1 : Bing KA 8 
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Hence, obſerve the lower edge of B, and alſo 
of C, when uſed with the inverted line, is to be 
eſteemed the ſame radius with its fen upper 
edge. | 
a l 1 

If you place either of any three given factors 
on I, to either of the other two on B or C, 
againſt the third on A, you will have the com- 

pound product of the faid three numbers. 8 


Of finding the number of Places in the produtt of 
amy three given numbers. 

Seeing, the product of any two numbers is 
always found againſt the 9 Ys 1 radius A, it 
follows, that, 

If the third factor conliſteth of one e ad of 
integers, and the ſecond product be found on B, 
it will conſiſt of the ſame number of places with 
the firſt product; therefore, 


If 18 1 be the collateral, and the ſecond pro- 


] 
duct falls on B, i it will conſiſt of j ey P ons: ! 


leſs, than the ſum of the number of Places in all 
the factors. See preceding chapter. 

Now, if you ſuppoſe the third factor to be in- 
| creaſed or decreaſed by any number of places, the 
product muſt be ſuppoſed to be increaſed or 
decreaſed reſpectively by the ſame number of 
places. See Corol. part 1. chap. III. ſect. 3. | 
| Conſequently, the number of places in the 
| ſecond product will bear the ſame proportion to 
| F 3 the 


70 AK ro Tus) Part . 


the rener fegen in the e 
caſe; hence, 


1. If E be collateral, and the anſwer 


falls on B, it will conſiſt pf 1 Ph c leg than 


the ſum of the number of places i in all the factors. 
2. If the anſwer falls on C, it will have one 

place more in each caſe: hence the General Rule, 
To find the number of ach in the hag od; any 
three numbers. | 


| the collateral, it will 
below 


5 as many places as 1 
conſiſt on place J ſum f che 
two places Tek Ga f 
number of places in all the factors. 2 45 
Examp. 1. Given 15. 2.4 and 12. to Gag the 
product. | . 
. 432. +4 1 ; 
Lan Pi N Bu 5 5 TIE 
The ſum of W of places =5 anſwer, 
falls below, therefore hath 3 places. | 


Eramp. 2. no Ne: 75 
2,4 1.5 50 180 
2: + S SOS | 
/ Anſwer falls on, and for of the number rof 
places 4. : 
| Examp. 3, Given 3.5, 7.6 and 1.3 
| 3.5 0 Is 39.9 _ 
T  B : K 
OR Anſwer 


Chap. III. Mopzax SLIpINGrRuULE. 71 


Anſwer falls on, and ſum of the may of 
places = 3. | 


Examp. 4. Given 6, 75 and 50. 

5. 7 50. 28. 

„ eee Wan 10 

Anſwer falls ha: the collateral, and the * 
of the number of places 3, the ſecond num- 
ber being a fraction of the Grit order.. Anſwer 
hath three places. 2H : 


CHAP. III. 


of Dh, and the Rule of Three Dirett, 9 the 
F verge Line. 


' SECT: 1. er bebte. . 


N. B. E iner I, l abe ü bande 
I che proportion, the dividend the ſecond, 
and thedivifor the third; the fourth proportional 
_ inverſe thereto, will be the quotient arifing from 
ſuch diviſion. See Pivilion, port 1. 1 VI. 20% 

Lemma . of laft chapter. 
Thus, let it be required to find I e quorin of 
40 divided by SET ; 
Rectify as taught, chap. L ka. 8 | 
| Then ſet 40 on C to x on I; and gung 2 on | 
I is 20.0n C. Anſwer falls op. j © 
Again, let the quotient of 40 by 8 be Neben | 
F 4 Set 
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Set 40 on Sto x on I, and againſt 8 8 on Tis 5 
on B. Anſwer falls below. 


SECT. II. Of the Rule of Three Dire#, by the 
inverted Line, or bow to find the Quotient ariſ- 

ing from the Produtt of any two Faktors or Num- 
"on ns by a third, Ne. 


* 5 


Lemma 1. 

In every four geometrical proportional direct, 
the product of the two means or middle numbers 
will be equal to the product of the two extremes. 

Hence, by Lemma 1. of the preceeding chapter. 


If the two means of any four proportional di- 
rect, be made the firſt and 1 ſecond terms, and the 


firſt term or diviſor be made the third; the fourth 
proportional inverſe theretg, will be the quotient 
ariſing from the produ&t of the ſaid two means, 
divided by the ſaid diviſor. Thus, 5 
Let the given factors be 4 and 15, and diviſor 3. 
Set the inverted line even with the ſtock or 
ad then ſet 15 on C, to 4 on I; and againſt 
3 on 12, is 20 on B, the quotient ſought. | 


To find when the anf wer r falls en er of the col- 
lateral, Sc. 


Let the radii I and [ 2 be ſuppoſed to be com- 
pleted, and | 


Let the diviſor or third number in the pro- 
r be always found o on 1 2, and the anſwer | 
on B. Then, | | 


From 


Chap. III. Movenn Sribme.-Rur x. * 


From what hath been faid i in the firſt * 
of this part, it ns ahve that | 


24: 


13; If lieber prime, and the Grond number 
found on 5 18 1 falls on che collateral. 


. If 115 {be p prime, and the fron! number 


be found on 0 Ide anſwer falls . ow $f the 
collateral, 


Mow 6218 5 * eftcemed 1 the natural collt- 


mat 1525 may be known when the anſwer 


falls on or in the Seng, by the followin s 
By If 15 ſecond number j in the propottian be 
found on a natural collateral, the anſwer falls on. 


2. If the ſecond number be found on {i 1 


— hy 2 falls 5 fond. 


skc T. nl. 07 finding the Number of Pla in 
the Anſwer. 50 


It is evident, that if the three given agents in 

any proportion, conſiſt each of one integral Place, 
the fourth proportional thereto, will eonliſt of one 
integral place alſo, if it be found on the collate- | 
fal. der Part I, Chap. III. e 


N 


7 
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It is den alſo, chat if richer of the two 
factors, be ſuppoſed to be increaſed or decreaſed 
by any number of places, the fourth Proportional 
will be increaſed or decreaſed reſpeqively by the 
like number of places. See part . chap. III. 

But it is alſo obvious, that in either caſe, the 
difference between the number of places in the 
diviſor, and the ſum of the number of places in 
the two factors, will be increaſed gr. decreaſed 
reſ] pectively, in the ſame proportion. Or, | 

If the diviſor be ſuppoſed to be increaſed or de- 
creaſed, by any number of places, th e difference 
between the number of places in the diviſor, and 
the ſum of the number of places in the dividend, 
will be increaſed or decreaſed by the like num - 
ber of places reſpectively. Conſequently, 

If the anſwer falls on che collateral, the num- 
ber of places therein, will be equal to the diffe- 
rence of the number of places in the diviſor, 
and the ſue of the number of places in the two 
factors. And e tly, 


If che ander fr 3 . eee 


wil have one place Vick ge 12 2 ſaid diffe- 
rence. Hence the | 
R 1 1. x, | 
To 0 1 the Ab of places i in the — as 
2. If the collateral be ; or C natural, the num 


ber of places in the anſwer, will be equal to the 
difference between che number of places in the 


diviſor, and the ſum of the number of places in 
the 


Chap. III. Mopzzy Stypmg-Rutz. 286 


the two factors, Viz. the firſt 22d ſecond number 
in the proportion. 1 


2. If the collateral he 2 ct unnatural, . "the 
number of planes in the: anſwer will. be one 
rg than the aboyeſaid A * See 1 the 


BR 8 flo Hi «> a off 


nw, ee 1% 2 ' 49 1 ', 11K 


Aner- = ue ins 

Is By the prune LJ. 
Examp. 1. Given the factors 5 and 76 and the 
diviſor 3, to find the-quodent. „ 

5 15. 3 23. anſwer ky 

1: Ci: 12: 3 1 
übe fesshd Wänder is ound 0 on e 
lateral; therefore the number ef places in the 
anſwer, will be equal to the difference of places 
in the diviſor, and the two factors. By the dif- 
ference of places in the diviſor, and the two fac- 
tors, is here and hereafter meant, the difference 


beturen the number of places in the diviſor, 
FR een h 


facts. 
__ 2. e we fatters 6 a 755 Ar 
15. eg 
alt 15 30. W 
* * 2» 12 2 Wu 2 1 Y. A * 


The ſecond 1 2 is found on Bu ner; 
therchire the number of places in the anſwer will 
be one more than the difference of places. 


* 


INS 


* 
. Fy . - wp . . 7 4 * #2 TI 
> *% * 9 : — : , 2 
a '6 i gh. | K. => : Go SE "2 I. WW 
"0 "= wy ro TRR $ Part 2 
” 
« "i 5 — 
13 a "_ . 
. 


+ the By the prime 12. 


Exany. x. * factors 28 and 7 5, dirk- 
for 25. e 2 * 

16 ee e lar a 45 anfver 

| Iz 2 3 8 

The ſecond * is 1 on a natural vol 
lateral; therefore the number of places in the 
anſwer, will be equal to the difference of places. 


Eramp. 2. Given: the factors 12 and 14, divi- 
ſor 4. 


12 i Fo The 42. Ze "og 5 
1 3 : B | 
The ſecond number is found. on = unnatural 3 
therefore the anſwer hath one F leſs than the 


difference of He 


5 onA. IV. „ 
of 157 Rule of Three 88 48 the e 
Line, or bot to find the Quotient ariſing from 


the Diviſor of the Produt? of à continued Multi- 
- - plication of three. Numbers into each other, by any 


given Divifor, at one Operation. 


N. 1 F two dünn be: niyliplied into each 
| other, and their product be divided by 
1 d number; if the quotient: ariſing therefrom 
be multiplied by a fourth number, this laſt pro- 
duet will be the ſame, as if che three given fac- 

tors 


Chap. IV. Mopzxx SLIDING-RuLs, 7 


tors had been multiplied continually into each 
other, and their un divided by the ſame di- 
viſor. Thus, - 

Let the given factors beg. 15 and 3s and divi- 
. 

I gay 4X 1542X3=24X1 7 2 


1 475 Thus: 
e and 4. 15. x 
60.2. 0. + 60. 3. 180. 
30. 3.2 900. 1380.2. 90. 


Hence, having by the Rule given in laſt chapter, 
found the quotient ariſing from the diviſion of 
the product of either two of the three given 
factors, by the given diviſor; move all the ſlides 
together, till the ſaid quotient ſtands right againſt 
the prime 1, of the radius A. 

Then will the diviſor ſtand right againſt the 
point marked G, at the left hand of upper A; fo 
will the ſaid quotient be fitted for its multipli- 
cation by any third factor, by the Rule of Mul- 
tiplication, by the direct lines. 

N. B. Hence all areas and ſuperficies will be 

found on B, againſt prime 1 of radius A: and 

I) be ſolidity of any priſm, &c. will be found 
on B or C, againſt its length, breadth, or depth, 

on radius A. 

Given, as above, the factors 4 1 5 _ 3» and 
the diviſor 2, 

4 135. 2 gyo==quotient 

1. Set I to C then againſt I2is B 

Now move all the ſlides together till 30 on 
lower B, ſtand night againſt 1 on A; then will 
n the 


78 A Ker ro run Part. 2. 


the diviſor 2, und right d the braſs n 
en upper A. 4 bo PDvs BEN Da, 
| Fe wall ir be MIT Av 


. 
- 4 © Vf o þ . 2 . 
. * 5 4 4 * a : 4 _— 
2 . 1 4 1 9 [4 * 2 
«IT | 9 8 


2 ; 3 the anſwer 
2 C + * as 2 
OSI! N Hawke . 58 


To OY the inſtrument for finding the quo- 
tient ariſing from the diviſion of the ods of 
any three numbers bras each other, divided 2 * 


fourth nUIHVET: | 


2 . +4 C38 m—_ 5 | , 74 
-.4 
$ sn 


"<a any prime. or intermediate c on 5 right 
againſt the prime 1 of the radius A; then place 
the given diviſot on I 2, right againſt the above- 
| ſaid prime or intermediate reſpectivel yx. 
| Then wilt the anſwer be found by the following 


PROPORTION. 


Leader th three given drt On I or 1 
Is to either of . 

80 is the third on „at | 

| To the 2 on B or C. 


SECT. II. of PET the Nawber of Places in 
e Anſwer, = 


Seeing when. only two factors are e if 
the collateral be B or C natural, and the anſwer 
f 4 : | falls 
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falls on B, it will conſiſt of equal places with the 
difference of in che diviſor, ad the aid 
factors: And 

That if the third factor conſiſt of one inkeg - 
place, and the ſecond ptoduct bs found on B. i 


will conbift of equal places with wah quo 
tient. It follows, ö 


That rhe number of pliten in tha Fe pro- 
duct, if found on B, will be one leſs than the 
difference (See Rule, chap. III.) of places in the 
diviſor, and the three factors. Hence, 

To find the number of places in the anſwer. 
GENERAL RULE. 
I. If the collateral be B or C natural, the an- 
ſwer, if it falls on B, will conſiſt of one place leſs 


than the difference of 1 in the divifor, and 
the three factors. 


N the collateral be 10 | unnatural, t the an- 


ſwer, if it falls on B, will "_ * 1 places with 


places leſs than 
* aboveſaid difference. 
. If the anſwer falls un Gi it t will conſiſt of one 
N more than if it falls on B, in every caſ$i 


Examples. 


1. By the prime I. 


be 1. Given the factors 4, 15 and 2 and 
diviſor 2. 
| OY to the ar as 11 8 tau ght. _ 


"> 9.7 Sa 
Then i will be I : C * . 


1 — 
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The collateral is natural, and ** anſwer found 


SSA + 3 


— of places i in the Grilor, and thoſe in all 
the factors. 


Factors = 4. places, deicor 1. K — * Ho 

Note. If the third factor had been 4, the an- 
ſwer would have been 120. See the Rule above. 

Examp. 2. Given en 151 8 t 3. * 
divifar: g. An no 
iy Eten K 


* WM 6 $0- | 
„%% ( 
The 6 * te is found on B amt 3 
therefore the number. of places in the anſwer 
| will be equal the difference of places. N 
If the third number had been 7, the tr 
would have fallen on C, and would have been 
140. OY” | 


2. By the prime I. 2. 
Rectify to the diviſor 2. Then 


Examp. 1. Given ho — I 15 4 and 3. and 
diviſor 2. | 
„ N 
12 : Bei 
The collateral i is natural, and the anſwer found 


85 B; therefore it will have 1 place leſs than the 
difference of places. 


Compare with the firſt example by prime I, 
and Lemma 2. chap. II. 


5 4 


Examp 


Chap. V. Monsan SribiscRul z. 81 
neee . _ nl x 2 2 12, 


3 481 12 ; | 

-<! {$1 — f ng * 1 «714 ee, 85 

10 1 12 oy ©: 25 * A 2 3 $16 $123 4-21 
1 5 Or, 4s 130 enn 


1.2 13 34.6 | 9 
20 12 : O: %, A de es 7 
"hrs collateral is C untiitural; and the atifver 
Falls on B. The difference of places 4.1. The 
anſwer hath 2 places leſs than the faid difference. 
Note. If the third number had been 20, the 
anſwer, would have fallen on C, and would have 
been 156, viz. one place more. 


N. B. The like is to be obſeryed by any other | 
diviſor,” i Now9! e125 529 236 


Wille 1 SHA SNGHS Aids; 
ION rl Pc: de ee 


07 the' "yy Diviſer 85 the inverted Line and. of 
hihi! the Infrument for any Purpoſe. 


8 E C T. I. Of the Diviſers on the upper . of 


7 If: 1 > 1 
5 Radius 2. 
* * * * © 7 4 + 7 * 4 > & # * » * - » N * 
* 424 1 1 * 5 4 9 83 Ie 974 148 


ESE « are | ani: put eradly againſt that 
point of its lower edge, which een 
its reſpective number. 

Thus, the diviſor MB:: of the officer's inſtru- 
ment; (No. 2g in the table) is put exactly againſt 
that point of the radius I 2, which repreſents the 
number 2738, viz; the proper diviſor for circular 

or elliptical meaſure of malt buſhels. n 
| G Alſo, 


82 443 A Krr fro nu fs. 
Alo, the diviſor ag.. (No. 29) is put exãtly 
againſt that point which repreſents the number 
359, viz. the proper diviſor for oircular and ellip- 
tical meaſure of ale gallons; and ſo of the reſt of 
the diviſors on * 2. 30 | 
Hence, [ 

If either of * >the on the ut 2, be 

placed right againſt the braſs, pin G, at the left 


band of. upper. A: tf in eee 
ee ee l eld 
| O 03% ima biidy $52 11 a0 
| SEC T. u. of tbe Deter un the ae Bip 
Ly ITY 021 09 


— — 
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Thee are 3 put Exactly againſt that point 
af the lower edge, which expreſſeth its reſpective 
number. 
Thus, the diviſor WS9$; on the officer's 18 
ment, (No, 18.) is put exactly againſt that point 
- of the radiys - lich repreſents the number 
32.54, Viz. the proper diviſor for — or el. 
lipticd meaſure of ſoft ſoap.” - 7 
Allo, the diviſor Tp; (No, a0. Yi is ed nl 
againſt that point of the "radius I, which repre- 
ſents the number 38.55, the proper dhäfor for 
circular or elliptical meaſure of — neat. 
| Hence, 1 2 
of ** of the diviſors on the adhs 1 be 
placed right againſt the braſs-pin &, at the right 
hand of upper A, then, becauſe the radii I, and 
I 2, are e of each _ the ſaid 
4 88 aa diviſor 


tas 


Chapi V. Mobzzy SLwvimnG-RuLE. | 8; 
diviſor on I 2, will ftand againſt the point G, of 
the left hand of upper A; and ſo will the inſtru- 
ment be rectiſied to the ſaid diviſor. The like is 
to be obſerved of the reſt of the diviſors on 1. 


SECT. III. Of the Diviſors on upper A. 


Obſerve, in all politions of the inverted. line, 
whatever prime or intermediate of the radius I 2 
doth ſtand againſt the prime 1, of the radius A; 
the like prime or intermediate on A, doth ſtand 
againſt the prime I, or braſs pin, on the radius J 2. 

Thus, place the prime 4 on I 2, right againſt 
the prime 1 of the radius A, (/ee the Rule to 
reQify, chap. IV.) then will the Prime 4 on'A, 
ſtand right againſt the braſs pin, or prime 1 of 
the radius I 2, See chap. I. ſet. 1. 
Again, move the inverted line to the right, till 
the prime 5, of the radius 1 2, ſtands right againſt 
the point G, or prime 1, of the radius A; then 
will the like prime 5 on A, ſtand right againſt | 
the prime 1, or braſs pin of the radius I 2. 

Now, the diviſors on upper A, are each placed 
right _ its . proper ant of the 
line A. 

Send 

If you place the prime x on braſs pin on upper 
edge of the radius I 2, right againſt either of the 
diviſors, on upper A, then will the faid diviſor on 
] 2, ſtand right againſt the prime 1, of the radius 

G 2 A, 
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A, evdonnſequcady: the inſtrument will be recti 
fied to the ſaid diviſor. / 1 


The like is to be nn of any other diviſor 
on upper A. > R 


* Aa, # 17 
N e 


CHAP. VI. 


oY Compound "Multiplication and Rule 77 "Three 
0 J eli Lrverſe. 


SI 'To > refify the Inftrament. 6 hs 


7 * 


R 2. 


JLACE the prime 1, Viz. the braſs pin in GY | 
middle of the inverted line, right. againſt 
the braſs pin marked G, at the left hand of Up: 
per A, and compleat the radius I; (ſee chap. | 
ſer. 2.) then | 


a. 


* 


8 E C T. L Compound Mabiplicatian will be fer. 
: .. formed by the following | 1 


Piero ro 


As one of the factors on I, | 
ls to either of the others on B or C; 
So is the third on A, 
To the product on Bor C. 
Ser chop II. "Tong 1, &c. 


Chaps VI. Mobzaw Sripinc-Rurx. 85; | 


To oo the number of Places i in the product. 


« 8 % TE ad 


; R u L. x. 
519 1: above ge 
"f the anfirer. falls 1 [? "as collateral, 9 * 
below 


8 as many places as 
chap. II 2 101 it vill conit of ow en Me he- 


the ſum of the number of Places i in 1 | the factors. 
See chap. II. ſeF. 1. 

VN. B. The lower edge of B, and 10 of C, is to 

be eſteemed the ſame radius as its N up- 


2 I. Multiply 5, 7 and 8, into each other. 
5. 7. 8. 280. anſwer i 


oy 


I: B:zA: C above 1 178 
2 2. Multiply 40, 8 and 2. 
40. 8. 2. 640, anſwer 


* B * A : Bon 

| Examp. 3. Mylciphy,9:4s,2:5.a00 5, 

"$4 2.5 5. 30 aner 
TSS: Ca 

Examp. 4. 0 37 1.2 and 20. 
2 20 7.2 anſwer 
$1 9 : A: B below 


63 S8 SECT. 


"SECT. 1. Rate 1 Three Inverſe. © 


Redify as above; hen wil the fourth proper- 
tional-inverſe be found by the following 


PROPORTION. 8 
rene, 
«I Is to the ſecand on B or C; 

-86 is the third On 1. . 
To the fourth on Bor C. Rf 
See chap. I. „ Fe 0 


To _ the number of places in \ the ane, 


Ru I z. 
As many places as the third number hath 


20 Iban the firſt; ſo many wall the anſwer 


have 2 e [evan wr” freond, ns it fall on the 
1 Sk | 

If it fall {= It Sa place. See 
chap. I. ſect. 3. "6 


. 1. Given 8, 16 and 1060. 
8 16 40 3.2 anſwer 
I: n : Blbn: - : | 


Examp. 2. Given 6, 50 and 20. 
6. 50. 20. 15. anſwer 


I: B I C above 
5 Examp. 


— 
** * 


I 


: 
bi 


ds By 


Chap. VII. Mopzzn Sr TDInG-Rul E. 87 
: * Giuen g, 12 and 20. 2 
S 12. 20. 13. anfwer 

Ir: C31 ca Frere 
9 % Gwen 15, 24 and 8. 


ON aw... 4 . ane, 
„ * Jo 3 below, E 


* was? . 
#5 „ FE ” 
SF 2 3 N F * by 
— (+ * * ; I * 


2. en VII. 


How to refify the Tuffrument on gauging * mea- 
ſuring Areas, Superficies and Solids; and how to 
find the Number of Places in the Anſwers, &c. 


S ECT. I. To refify the Hors 


Ru ls. 


1. For diviſors on upper 3 
LACE the braſs pin in the middle of the 
Inverted line, (viz. the prime 1 of the ra- 
dius I 2) right againſt the proper divifor on * 
A. See chap. V. ſe. 3. 


2. For Gaiſors.on radius. W 
:>Ylacs Fer proper diviſor thereon, right aguinft 
: the braſs pin at the . hand of the line er 
A. See chap. V. ſet. 38. | | 
3. For diviſors on radius 1 2. 


Place the proper diviſor thereon, right againſt 
the braſs pin at the left hand of upper A. See 
_ V. ſect. 1. 


G 4 „„ Haring 


5 depths. See 3 chap. IV. 


88 „eme ro TER — 


Having re reftified e one or other 
of the above rules, as the caſe in hand may re- 


quire, compleat che radius I, or I 2. Then 

The ſuperficial. content or area of the e of 
any rectangular, circular, or elliptical priſm, and 
alſo the ſolidity of the ſaid priſm, may be found 


at one operation, by the following 4 


GENERAL PROPORTIONS, 


As one of the; given lides? of the baſe on 1 or I 2, 
ls to the other on B or C; | 
So is unity on AKA. 8 
Io the area of the baſe on Bar G: =" 
And, 1 
so is the length of the priſm on A, 
To its ſolidity or content on B or C. 
See Proportion, chap. IV. ſet? 1. Hot 
If the baſe be circular or x lipexcal, * nes” 


read diameters. 


N. B. All areas or 48 are found right . 
againſt unity on A; conſequently will always fall 
on B. See N. B. alſo Rule, chap. „ 

N. A It matters not which of the three given 


dimenſions be made the firſt, ſecond or third 


number in the proportion, except when the area 
be required, or content at any ſeveral given 


Chap VII. Monzax Srrprno-Rur x. 89 


Wem e the Namber 17 Places in the 
_ » Anſwer, - 


AM, B. 1 radius B be eſteemed the natu- 
. wi collateral of the radius I 2; and C the om 
collateral of the radius l. 


Then will the number of places i in ar anſwer 
be found by the following 


Gn A4 Rus 3 


B, unnatural ; | 

Ik the collateral be ſe ot C; = and. the 

C; unnatural | 

anſwer be found on B. ir will conliſt of 
as many places as 1 

Jone place Leſs than thank the difference af places 


2 


1 
; 45. 


two places 
in the diviſor, and the ſum of the number of pla 
ces in all the factors. See chap. IV. 
N. B. If the number of places in he diviſor, 
equal or exceed the ſum of the number of places 
in all the factors, and the anſwer falls on B; it 
will be expreſſed by a fraction having as many 
cyphers prefixed as the ſaid difference is. 
N. A. If the anſwer falls on C, it will in all 
caſes conſiſt of one place more than if it had fallen 
on 1B, 


SECT, 


bo 4 


% A Kr re unn Part 2. 


SE CT. II. 74 hd te n of the Number of 
Places in any thret given Numbers. 


I. If all the given numbers are Wee or 
mixed; or one or of them hrs wr of the 
firſt order, then, * 

The ſum of the number of b ars in them all, 
will be equal to the ſum of * bülnber of inte- 
gral places in all of them. 0 


„I.: If ene or two of dhe r are 
fractions af any other ordet, then 
1. If che number of integral places exceed the 
number of cyphers prefixed in the fractions, the 
faid exceſs will be the dirt of e 
places in them all. 

2. If the number of cyphers prefixed, be equal 
to the number of integral places; the ſum of the 
number of places will be negative, and will be 
expreſſed by a fraction of the firft order. 

3. If the ſum of the number of cyphers pre- 
fixed, exceed the number of integral places, the 
ſum of the number of places will be expreſſed by 
a fraction, having as any cyphers +03 as 
Hs do} oor 


III. If all the given numbers are . the 
ſum of the number of places in all, will be ex- 
preſſed by a fraction, with as many cyphers pre- 
fixed, as the ſum of the number of ä 


prefixed i in all. 


6 Mopzau S usts- fur: 9. 


% N 


| ES oe eg 
ddr Sent | BOY Dk ; 1 29 


c HAP. vil. 


Uje'of Dahle os the inverted Fir Officer's 
Inſtrument, in gauging 15 ue Solids, at 
one DPI. 


SECT. 7 of Diviſers on Wl for rell. 
| e Baſes. * . 


RS 
CE 


= A 
181341 ann 91411“ 1 "oh 3 
. 1 ö A 
42 1. By diviſor Mk.: (No. 1.) 5 


Ax N a parallelapepid,. baſe 64 
. inches, by 18, depth 45: what 
is its area and content in malt buſhels? | 
© ReRify to the proper diviſor, (/ee chap. vn. ) 
and compleat radius I. Then ſee General Pro- 


portions, in 1 chap. 
64 18 1 538 area 435 24.1' content 
3 BS Rr TSS 


The ſecond number in the proportion is found 
on a natural collateral. The ſum of the number 


area 
places in all the factors for the Le WY Je 


and the number of places in the diviſor 4; 
therefore the difference of er- 12 bg conſe. 


| quently, the mode exprefling the 1285 * | 


content 


be a fraction of the firſt order. 
- Leoni of two integral places. 15 Lebe: 


ral: Rule, chop. VII. f. 2. 
. N. B. 


92 A Kxr ro rn Part 2. 
N. B. As tlie ſlides now ſtand, you have the 
content at every inch deep. Thus, 


3 1.0 (thecon- ine 
ene Ib A at lil y 
1 5 2.67 2 35 } "LO 


Examp. 2. Given the hoſe 13 inches by 5 54 


depth 26. n 
13 54. | "ond area EPR g. 48 content 


I2 : B 3 . 

The ſecond dumb l. on a natural collateral. 

N. B. If the breadth 18 in the firſt example, 
had been made the firſt number, in-the propor- 
tion, it would have been found on · I 2, and the 
length 64, on its natural collateral B; and ſo the 
anſwer would have come out as above. See Lemma 
2. chap. 2. The like 1 is to be oye of the 
ſecond example. | 


Examp. 3. Given cbe * 895 by 5 75-4 
depth 6.5. SR Pg. +; 

89.8 75˙4 1 3.73 ar. 6.5 20.39 cont, 

|: „ | 

be he ſecond. number i is found on B „ 


_ Examp. 4 Given = baſe 1 54. by 126, depth 
362. ' 3 14 1 [+5 , 


154. TY 9. ah 36.5 329. cont. 
5 12 : C32 mag B :: A: C 
1 he ſecond . ho unnatural,  —--. 


chapꝭ VIII. Mopzza'Sumine-Rute. 93 
A 22/20iByidivifor HS: (Ne. 8.) 
Examp. 1. Given a parallelopepid, baſe "OP 5 
by 4-75, depth 15.3; what is its area and con- 
e of hard ſoap ? © n 
RNectify and campleat tlie radius I. Then 
0 4.75 1 3.93 ar. 17.3 ee 
Iz x nr B K. A vb.:: M x oF 


Eng. 2: Given A cube, edch fide 9 iachls. 


6s. 


: 9 9 1 2. 98 9 os 8 Ny Te: 
IB &:; By: . 


* 
* 
I 
3144 4 0 + 


# 


* 3. Given « a prelilpepid, baſe, 15 6 
| by 12.8, depth a on act li 2:23 f 


f 15.6 „en 7.33 86˙5 1 1 
* O :: 4 8 B A Foro bie 


3. By diviſors on DS: (Ne. 13 * 


Exanp. 2 Given a parall lopepid, baſe 6. 2 y 
32.5 inches, depth 46.4; what is its area and 
content in pounds of dry ſtarcbꝰ 
| Rectify, to the Proper. Wi. and | comple 
radius I Zo 1 ben © Tock 

32.5 6 8 3 2 1 

I2 : B :; A>BwaA : C 


Examp. 1 the baſe, each 6de 82, depth 


32.2. 1 i . ha? Wa £ 019% We SNN 
8.75. Bos. WO 32.5 6 Nd 251 


94 . : | AnrKay*TOrm8 Part 2. 


Examp. 3. hor the baſe 12 flinches by 18, 
depth. 78. 4s M .1 


wrt un? ah 55 6725 76. 755 £3. wd 
12 : C:: A 45 + Nn „ 


3 


Examp. 4. Given the baſe; eark nde bebe 
inh., depth $43: „ 1 MH 
75 "75 . og: 3. Airy 


* Try » Id a. . 3B, 670 A) * on 3 
42 4 5. VII. * 3. * ” 4 * vm. 


feb. 2. \ 
Note. The like is to _ bleed of _ reſt of 
the diviſors on r 


N. A. There will be no neceſſity ok completing 


the radius, except whey the proper d div is 
found on one of the ſlides. © * 

j : 8 01 ibi . | 
SECT, 1. By. ein 2. ay ellip- 

tical and circular Baſes. (Tab. II. and I II. . 


N. B. There is no other differente in che "OY 
rations by theſe and the former, thay i in rectify in g 
the inſtrument, which ſee the preceding chapter. 


| Examples. 


1. By diviſor Tpn! (No. 21.) 
"Shinn, 1. Given a parallelopepid baſe 9 in- 


ches by 17.6, depth 25; what is its area and 
content in zallow pounds neat? 


Rectify as taught in the foregoing chapter, 
and compleat the radius I 2. Then 


2 


5 
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% 197.6 3:42 25+ 204 
1: Aly WB ii 2:0 


Examp. 2. Given the baſe 18 inches 1 0 12, 


—— 
" * 5 3 my " * L * 8 WS. +45 + ,--% * © + „ » 
hs k . 5 BD. * 7 * : + % « IVY . 4 - 3 1 1 w 1 
8 . 8 2 12 as N . 2 9 HY * E * eo e 4 8 6 _ k ; 
8 1 | * x 5.4 I : I. : 
5 Une > 4 % $5, $283. Y} ene 7 en 
. \ N a 7 SEQ} JI) N by * 4 323 . a. © 4. 271 9 rhe 
' Iz \s # 6... 8 * 5 © . 
* . © - a © 0 % 
f 14 * £ 1 7 * 
* 4 g = EY + 3 * * . %s + do ** * by YO 


2. By diviſor ag (Ne. 29. by 

Examp. 1. Given a ' cylindroid, whoſe tranverſe 
diameter of baſe is 98. inche * conjugate 3562. 
depth 15; What ! is its area and content in ale 
gallons? 

Rectify and 5 the radius 12. Then 

98 Lo ai 5-5 , 6. 231. 

I : B wal ane. +56 


ITE G0 ; 4 
25.' 23. 1. 8175 3 11I. 3 * 
binn ie B :: * =P 
Note. The like is to be obſeryed of the 15 of 
the diviſors on T and 1 2. = 


EL. 9 4 
+3 11 1 A Lb % 
N * 


ol 


4510 Si 


81 * 0 HA P. IX. "0 r 

Uſe ef Diviſars on upper A of the inverted Lin ff 
the Artificer's Inftrument, in meaſuring of op 
ficies ans Solids at one Ope ration. 


1 


8 14. 2 0 
4 19959 writ) 7 1 * NI 4 4 
— my 47 dit bias Mares ad 
e e eee Sarwer's Work. 3 
at bY. © &- 2894]  Exainples. 102 Has 41.49 A 
. Of board meaſure, © ; 


"By diviſor B Bit: (No. 105- 4 


Examp. 1. IVEN a > flock 4 boarde, = 
feet, breadth 14 inches, num- 

ber 15; how 2 3 feet of 95 8 5 the ſaid 

ſtock contain? 1 bots 

Rectify to the div 25 and complere the radius 
I. See chap. VII. Then | 

26. % 5. :046- anſwer 5 
I: : A 10 | 5 
The ſecond number is found on a natural col- 
lateral; difference of places = 4. Anſwer falls 
below. See chap. VII. 

Note. In this ſituation of the ſlides, you have 
the content of one ſingle board, or of a ſtock of 
any number of boards, of the ſame dimenſions. 

PEE Thus, 


* * 7 
G „„ ag 


Chap. IX. Mopzxx SLipe-RuI I. 9 
SHY $366 ; 19 Thus, 
30.33 
60.66 
90. 9 
121.3 £ 
141.0 1 
Hence bes always make the number of 
boards the third number in the proportion: 


Examp. 2. Given a ſtock of 8 boards, length 6 
feet, breadth 95 inches. 

6.6 9 + 5.1. bra. 8 4 ſtock 
0 FS. PAR no EE 

The ſecond number i is found on B unnatural. 


Examp. 3. Given A ſtock of 9 boards, 11 feet by 
10% inches. 155 

11. 10,5 155 62=r. bra. 9 86. 6 ock 

12 e . „ [= 

* he ſecond n. num ker is found on c unnatural. 


boards, & c. 


©@- 


2. In rectan gled faber meaſure. 5 


: By diviſor, Tim. 5 (No. 109. * 
Examp. 1. Given a, parallelopepid, baſe 82 in- 
ches by 14.8, length 362 feet; what is the con- 
tent of one foot of length thereof, and alſo of the 
whole priſm? _..... 
Rectify to the proper diviſor, Kc. Then 
8.5 148 1 873, 36,5 31.8 
1nkTe ot; Gf th Þ TRY WS 


$ 


d; 
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Examp. 2. Given a parallelopepid, baſe 8.7 in- 
ches by 9.5, length 14.6 feet. 

9.5 8.7 1 +4574 14.6 8.37 

E: B £7 EEG B 
Examp. 3. Given the baſe 12.6 by 10.8, length 
26.4. 5 1 

12.6 10.8 1 945 26.4 24.9 

Ia: „ tC 

N. B. Always make the 2 che third term 
in the Fare. 


3. To meaſure a fet of like and equal Joi of 
any number. | 
Ru LE. 

Take the zreadtk, and alfo the depth or fick 
xcſ5 of one of the joiſts, in inches and decimal 
parts, and its length in feet and decimal parts, and 
multiply the Bᷣreadib by the number of joiſts in 
the ſet; then will the cantent of the whole ſet be 


found by the following 


PRoOPOR T1 0 N. 
As the depth of the joiſt on I or by, 


Is to its length on B or C; 
So is the ſum of all the Breadths on 12 
To the content of the ſet on B or C. 


Examp. 1. Given a ſet of 8 joiſts, 32 inches by 


6 length 121 feet; how many feet of timber 
is contained in the ſaid ſet? | 
$X 3.5=28 ts. 2 anl. 
| r | 
The ſecond number is found on a natural col- 
latural. | | 


| Examp. 


Chap. IX. Movers Stibine-Rut.e: 99 
Examp. 2. Given a ſet of 12 joiſts, 8 inches by 

3, length g feet. 

12 * 3236 8 9 36 28 anſwer 
1 „ R:: A 6B 
The ſecond number is found on B unnatural: 
Examp. 3. Given 24 joiſts, I. 05 inches by 1.25, 

_ 10; feet. | | 

1 we 1.09 '24.2 
\ firſt : „ e ] 
Tis Then 
123. 10 2608" 229 

8 12 — C 2: A By C 
The ſecond number is found on C unnatural. 
Note. If ſeveral ſets of joiſts are of equal girt, 

and each ſet of different lengths; make the 

lengths the third numbers in the proportion, and 


the content of each ſet will 1 Found at one ope- 
ration. 


4. By diviſor Sri. (No. 116. * 


Examp. 1. Given a cylindroid or elliptical 
priſm, tranverſe diameter of its. baſe 4.4 inches, 
conjugate 15, length .95 of A foot; what is the 
content of one Tu of its dn. any alſo of the 
priſm? 

Rectify to the proper diviſor, &c. Then 

1.5 4-25 1 0347 98 lo33 

I: N A ACS, 

Examp. 2. Given a cylindroid, baſe 8.6 inches 
by 42, length 12+ feet. 

"£6 42. 1 197 5 aan 
F'r Bu A . M0 | 
" A Examp. 
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Examp. 3. Given a cylinder, diameter of baſe 
12.8 inches, length 46 feet. 

29.8, 220 ' 1 . 

ht % AL C 


5. In ſawer work. 
By diviſer K:: (No. 111.) 
Examp. 1. Given a ſtock of boards, length 14 
feet, breadth 26 inches, kerfs 21; how many 
hundreds of ſawing doth the ſaid fock contain? 
Rectify to the proper diviſor, ' &c. Then 
14 26 2 3.3 anſwer 
Tg BO 0b 
|  Exanp. 2. Given a ock of 7 kerfs, 95 inches 
by 34x feet. 


9:75 34.5 7. 1.63 
EE. : 


Examp. 3. Given a ſock of 8 kerfs, 11 2 
by 12.8 feet. 
. 12.8 I: 8 2 
"Mm: Ki A C 


. Siren a Jock 39 kerfs, lenge 447 
feet, by 28+ inches. 


44.75 28.8 39. 34.5 
ce Sn ee 1: © | 


SECT. 
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SECT. II. Of Brickwork. 


How to find the number of rods or poles, and 
alſo the number of fatute bricks in any walling, 
at any given thickneſs. 


1. For the number of rods or poles, 
By diviſor BW.. (No. 116.) 
Examp. 1. Given a brick wall, length 156 feet, 
height 9.4; how many rods of walling doth it 
contain at ſtandard thickneſs of 15 brick? 
Rectify to the proper diviſor, &c. Then 
0:4. 150 „% 5-38 ankver 
I 7 | 
Note. In this ſituation of the /lides, you have 
the number of rods in a wall of any thickneſs, 


being of the ſame length and height with the 
above. Thus, 


I, ? 3+59 
| 2, | 7.18 
_ againſt 4 2.5 bricks thick, is 8.97 prods, &c, 
35 385 10.77 i 
64 +: 114.36 


Examp. 2. Given a wall 624 feet long. 82 
bBigb; what is its content at 1.5, allo at 4 bricks 
thick? 

8.5 62.5 ii 1-08 frank. 448, 8 

C i Wo A3- 2 K 


Examp. 3. Given a wall 245 5 fe by 14.6, 3r 
bricks thick. 
245. 146 1.5 13.14% 
: . „ . 6 
H 3 _=_ 


102 A Kay To Tux = Part 3. 


2. For the number of bricks in any walling, 
1. By diviſor Brko: (No. 118.) 


Examp. 1. How many thouſand of ftatute bricks 
are required to build a wall 85 feet long, and 9g 
bigh, at ftanderd thickneſs of 143 brick? 

Rectify to the proper diviſor, &c. Then 

9. - 3s. 
I2 : B :::A :: B 
| Anſwer 12,200, 

N. B. Allowance is here made for cement or 

mortar. | 


Examp. 2. How many bricks are required to 
build a wall of 45 feet by 78 at 15, alſo at 2; 
pricks thick? 

45+ 78. 1.5 656. ſtand. 2.5 93.6 
„„ a4: 4:8 
Anſwer at 1.5 br. 56000 at 2.5, 93600. 


Examp. 3. How many bricks are required for 
a wall of 28- feet by 15.6, at 15 and 4 bricks? 
$3.5 '760. 35 FL 45 ts 
111; A: OC 
Anſwer at 14 br, 7100 at 4x, 21400. 


Examp. 4. How many bricks are required for 
a wall 9; feet Bigb, 6 long, at 6 bricks, 
9.5 6 6, 3.65 
1111 
Anſwer 3650. 


NV. B. 
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N. B. For finding the number of places in the 
anſwers, &c. See General Rules, chap. VII. 


SECT. III. of Glazier's Work. 


N. B. This admits of two caſes, viz. when the 
height is taken in feet and decimal parts, and 
the breadth in inches and decimal parts; and, 
when both dimenſions are taken in inches and 
parts. 


Examples. 


1. When the height or length is given in feet 

and parts, and the breadth in inches and parts. 
By the diviſor GL: (No. 106.) 

Examp. 1. Given 24 lights, each 3+ feet by 
224 inches; how many feet of glazing is con- 
tained in each light, and alſo in al of them? 

Rectify to the proper diviſor, &c. Then 

3.5 22.5 1 Ga05=hk 24.35% we 

ti % d 15 AY 


Examp. 2. Given 14 lights, each 3 feet by 
112 inches. 


IS. IT © 2 #2 bs 43.6 

12 „ 0 

Examp. 3. Given 32 lights, each 9.9 inches by 
1.88 feet. 

9.9 1.58 1. 1.3 32 417 
I: 0 C 


H 4 2. When 
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2. When the length and breadth are both given 
in inches and decimal parts. 


By diviſor Gl.. (Na. 110.) 


| ny s Given 4 3 each 128 inches by 
62. 
Rectify to = proper diviſor, &c. Then 
128. z, 1. 55. 4. 22. 
1a : B A: n 
Examp. 2. Given 6 lights, each 442 inches by 
2842. 
44.5 28.5 1. 8.8 6. 52.8 
„ C 


Examp. 3. Given 4 lights, each 56 _ by 
363. 

„„ „ RE U&Utm ER. 

4 IS a 

See General Proportions, and Rules to find the 
number of places in the anſwers, chap. VII. alſo the 
firſt example, chap. VIII. | 

N. B. If the height and breadth are both taken 
in feet and decimal parts, rectify as for Compound 
Multiplication, and let C be eſteemed the natural 
collateral of T, and proceed as aboye. 


s 
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SE 0 . W. Of Geighy of Ships, 8 


1. By diviſor Shw.., (Ne. 104.) 


. Examp. 1. Given a ſhip of war, length 150 
feet, breadth 39, depth 1923 what i is her bur- 
then in tons? | ; 
Rectify to the proper diviſor. Then 
150. 39. 19.5 1140 anſwer. 
1 9 C 2 KA -©.., 


Examp. 2. Given the length 95 feet, regal 
38, depth 14. N 
. 24s 505. anſwer 

I; B:: A: B | 


Examp. 3. Given the length 128 feet, breadth 
325 depth 16. 
„ iii, 655. anſwer 
VVV 


2. By diviſor Shm: (Ne. 120.) 
Examp. 1. Given a veſlel, length 96 feet, 


breadth 38, depth 14; what is its content or 
þurthen, as a merchant man? 


Rectify to the diviſer, &c. Then 


96. 38. 14. 536. 
| 3, 8&4 3.8 


. 
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Examp. 2. Given the _ 87 feet, breadth 

22, depth 15, 
. 22. 15. 302. anſwer 
F 

raps. 3. Given the length 150 feet, breadth 

39, depth 192. | | 
150. 39. 19.5 1200. 
„ Ta OC 


3. By diviſor Shſt: (No. 119.) 


3 1. Given a veſſel, length 87 feet, 
breadth 22, depth 153 what i is its content or bur- 
then ſtatute ? 
Rectify ro the proper diviſor. Then 
d e, e, 
„ BB © 0 
Examp. 2. Given the length 98 feet, breadth 
26, depih 14. | 
99. 26. 14. 379. 
1% Ü- 
Examp. 3. Given the length 126 feet, breadth 
422, depth 2442. 
126. 42.5 245 1395. 
2 „ & 7: Þ 
See General Proportions, and Rules to find the 
number of places in the anſwers, chap. VII. See 
alſo the firſt example, chap. VIII. 
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MODERN SLIDING RULE. 


Pk KK TT. 


Deſcription of the Line D, with its Uſe in 
extracting the Roots of Squares, and in the 
Proportions of ike Areas and Superficies : 
Alſo in gauging and meaſuring of Areas, 
Superfictes and Solids. 


I © jd 


Deſcription of the Line D, and of the Slides B and 
C, when uſed therewith , alſo of the — 
Radii above and below D. 


SECT, I, Deſcription of the Line D. 


HIS line is put on the oppo/ite fide or plane 

of the inſtrument to the line A. It con- 

fiſteth of one ſingle radius of numbers divided 
into two equal parts, at the intermediate point 
3162, &c. The one part being placed above, 
the other below the flides; each part being ex- 


ly equal in length to the radius B or C. 
” SECT, 


+ 
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8 ECT. I. Of the Slides B and 8 


Theſe, when taken together, may eaſily be 
conceived to repreſent four diſtinct radii of num- 
bers; each edge of each ſide repreſenting a 
radius ; ad when uſed with the line D, 
they repreſent three entire and diſtin radii only, 
one above another. Thus, 

1. Place the ſlides B and C, between the two 
parts of the radius D, and move them together, 
till the prime 1 on D, doth ſtand right againſt 
the prime 1 of the upper edge of B; then will 
the prime 1 of the upper edge of C, ſtand right 
againſt the intermediate point 3162, &c. of the 
upper edge of D. This 1 call the direct poſition 
of the radius B. 

Now the lower edge of D, may be conceived 
to be joined to its upper edge at the point 3162, 
&c. aforeſaid, and conſequently to ſtand againſt 
the upper edge of C, in the very ſame manner 
as it now doth againſt the lower edge of B; that 
is, the primes 4, 5, 6, 7, 8, and 9, with their in- 
termediates, may now be ſuppoſed to ſtand againſt 
the ſame primes and intermediates of the upper 
edge of C, as they really do on the /ower . 
of B. | 

Therefore the lower edge of B, doth . 
the upper edge of C, and may be eſteemed the 
ſame radius. 

Hence obſerve, the lower edge of B doth re- 

reſent the next radius above its own upper edge, 

which therefore I call B 2. 


2. Move 
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2. Move the ſides B and C together to the 
left, till the point 10 of C, ſtands right againſt 
the point 10 on the /ower edge of D; then will 
the prime 1 of the /ower edge of C, ſtand right 
againſt the intermediate point 3162, &c. of the 
lover part of D. This J call the direct poſition 
of the radius C. 

Nov the upper PAY of D, with its prime x, 
2, 3, with their intermediates, may be ſuppoſed 
to be joined to its lower edge at the aforeſaid 
point 3162, &c. and ſtanding againſt the lower 
edge of B, as it doth againſt the upper edge of C. 
Therefore the upper edge of C, doth repreſent 
the lower edge of B, ang my be eſteemed the x 
ſame radius. 

Now, it is obvious, the lower edge of C, is 
the next radius above the lower edge of B; e 
fore, 

The lower edge of C, ad repreſent the next 
radius above its own Eper edge 3 which there- 
fore I call C 2. 0 21 

| Hence obſerve, N 

The ſlides B and C, when uſed with the du 
D, do in every oblique poſition, repreſent three 
entire and diſtinct radii, 


2 1ſt, ) the ra B- | lower ft 
VIZ. J 30 JC . or Jade d. 
„ esd, een ee e 


SECT. 
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SECT. III. Of the imaginary Radii above and 
| below D. 


1. Of the Radius above D. 


Place B dire; now you are to ſuppoſe an- 
other radius like unto D, running «pwards from 
its firſt point 10 on D, towards the rigbt hand, 
with the primes 1, 2 and 3, and their interme- 
diates ſtanding or abutting, againſt the lower 
edge of C, viz. C 2; in the ſame manner as the 
like primes 1, 2 and 3, with their intermediates 
on D, do againſt the primes and intermediates of 
the upper edge of B, 

So that the radius C 2, is now ſuppoſed to ſtand 
againſt the radius next above D, but is repre- 
ſented by the radius B, ſtanding againſt the like 
part of the radius D. 


2. Of. the Radi below D. 


place C 2 des; now you muſt imagine a like 
radius to D, running down. from the point or 
prime 1 of D, towards the left, and having 
thereon the primes q, 8, 7, 6, 5 and 4; with their 
intermediates, ſtanding againſt the like primes 
and intermediates reſpectively, of the upper edge 
of B, as the like primes 9, 8, 7, 6, &c. with 
their intermediates on D, doth againſt thoſe of 
the lower edge of Cor C 2. 

So that the radius B, is now ſuppoſed to ſtand 
againſt the radius next below D; but is repre- 
ſented by the radius C 2, or lower edge of C. 

x Note. 
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Note. All other imiginary radii above and Be- 
low B. C and D, may be reduced to the radii B, 
C and D, in the ſame manner as the radii above 
and below the radii A, B and C, are reduced 
thereto. See Corollary, part I. chap. III. ſect. 3. 


CHAP. II. 
Of the Diſpoſition of Primes and Intermediates on 


theRadiusD; and how to find the Radius whereon 
any Number is repreſented. | 


„ Of the Diſpoſition 5 tht Prime 
115 and Intermediates. | 


2 f IHE primes and intermediates on theſe * 
4 are diſpoſed in ſuch manner, as, that when 
either the radius B or C, is in dire poſition, it 


becomes with the radius D, a table of ſquares 
with their roots. 


W k 
Place C drrel'; now have you all ſquares re- 
preſented on C, with their reſpective roots on D. 
Thus, againſt the ſuare 4 on C, you have its 
root 2 on D, and againſt the ſquare g on C, is its 
root 3 on D; alſo, againſt the /quare 25 on C 2, 


is its root 5 on D, and againſt the /quare 64, is 
the root 8, & G. 


= | SECT: 


* 


* 
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SECT. II. To find the Radius whereon any 
| Square 15 to be es: : 


1. For integral or mixed numbers. 


Place C direct, and let the prime x of D, and 
alſo of C, repreſent unity. 

Then will all ãuares or numbers, conſiſting 
of an odd number of integral places, be found 
on C, and all ſquares or numbers, conſiſting of 
an even number of places, on C2. See att 1. 


2. For frafional ſquares. 


Place C direct, and let the point 10 on D, and 
alſo on C, repreſent unity or 1. 

Then will all fractions of the fort 29 allo 
all fractions having an even number of cyphers 
prefixed, be repreſented on C2; and all frafiions 
| which have an odd number of cyphers prefixed, 
will be found on O. See as above. 1 


83 


8 E er. T. III. To find the Number of Places in the 
Root 4 any given res 


1. of integral or mixed ſquares.” 


It is evident from what hy been ſaid, Thaz if 
the given number conſiſteth of 70 integral 
places, its root will conſiſt of one integral place, 
viz. one haßf the number of places | in che given 
ſquare. | 

Now ſeeing the radius D is equal in length, to 
beth radii B and C, it follows, that for every 2 

T0. | places 


* 
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places, any given ſquare is ſuppoſed to be en- 
creaſed or decreaſed, the root of ſuch ſquare muſt 
be ſuppoſed to be encreaſed or decreaſed reſpec- 
tively, by one place. Compare. with 3 
part I. * III. ſe8. 3 

Fieber, 

1. If the number of integral places in any 
given ſquare be even, the number of places in 
its root will be half that number. Again, 
Seeing the root of any ſquare conſiſting of one 

integral place, doth conſiſt of equal places with 
the root of a ſquare of two integral places; 
Hence, 8 

2. If the number of integral places in the 

given ſquare be odd, add one thereto; and half 
their ſum will be the number of places in its 
root. 


2. Of fractional ſquares. 
From what hath been ſaid in the foregoing 
ſection, it appears, that the roo? of a fraction of 
the ft order, will be a fraction of the firſt order. 
It alſo appears, that if the given fraction be of 


the ſecond order, its root will be a fraction of the 
firſt order. 


Hence, 8 
If the given ſquare be of the Frſt or ſecond or- 
der, its root will be of the fr/t order alſo. 
When the * ſquare is of any other order 
then, 
1. If the number of 3 be even, 
half that number muſt be prefixed in its root. 
| I | 


2. If 
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2. If the number of cyphers are odd; deduct 
one, and half the remainder un be e in 
the root. k 


CHA BB; HL 
Of Proportions by the Line D. 


ROM what hath been ſaid (chap. II. ſe. 1. 
it appears, that the radius D, is a line of 

roots, and that each prime and intermediate there- 
on, doth repreſent 1 Its own /quare. 

Thus, the prime 2 doth repreſent its Huare FR 
the prime 3, its /quareg; and the prime 4, its 
- ſquare 16. 

Alſo, the intermediate 2. . 5, doth repreſent its 
fquare 6.25, and the intermediate 8.5, its ſquare 
72.25, &C. 

Hence, 

If D be prime radius, the fourth proportional 
found by theſe lines, will bear the ſame propor- 
tion to the ſecond number, as the ſquare of the 
third, doth to the /quare of the firſt, Thus, 


2 8 4 
D: 35 : 0 Bb 
That is, 


, 2 un 
R 8 „ 

Now, if the area or ſuperficial content of the 
baſe of any priſm, be multiplied into the length 
of the ſaid Priſm, and the product thereof be di- 

« | vided 
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vided by a proper diviſor, the quotient hereof, 
will be the ſolidity of the ſaid priſm, in that mea- 

ſure, to which the ſaid diviſer is . n 
in the laſt example, ; 

If 4 be the proper diviſor, 8 che length of the 
priſm, and the area of its baſe 16, its content 
will be 32. 

Which by the line D will run thus: 

As the ſguare root of the diviſor on D, is to the 
length of the priſm on B or C; ſo is the /quare 
root of the area of its baſe on B, to its content on 
Bor C. See Example 1. 

Hence the ſquare root of the diviſor for any 
purpoſe, is the proper gauge op for the ſame 
purpoſe. Hence it will be, 

As the proper gauge point on D, is to the 
length of any priſm on B or C; ſo is the ſquare 
root of the area of its baſe on D, to its ts [ily 
or content on B or C. 


Lemma. 


The ſolidity of all priſms of equal beiht or 
length, having ſimilar or like þaſes, are to each 
other, as are the ſquares of their homologous, or 
like ſides of their baſes. Hence 


The ſolidity of all priſms will be n on the 
inſtrument by the following 


12 Pr o 
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As the proper gauge point on D, | 
Is to the length of the given priſm on B or C; 

So is the fide of its baſe on D, 

To its ſolidity on B or C. 


CHAP. IV. 


Uſe of the Gauge Points on the Line D of the Offi- 


cer's Inſtrument, in gauging of the . Areas 
and Priſms, 


TAB. VII. 


8 ECT. I. Of circular Areas, 


PROPORTION. 


'S the proper gauge point on D, 
Is to unity or 1 on C or C 2,* 
So is the given diameter on D, f 
To the area on B or C. 
N. B. Unity or 1, neither multiplies nor ide 
+ See Lemma in the foregoing chapter. | 
Obſerve, from what hath been ſaid in the "IR 
meer chapter, the middle radius C and B 2, is in 
all oblique poſitions of the ſlides, within the com- 
paſs of the line D. 
N. A. Unity being the ſecond aber i in the 
proportion, C or C 2, will be always collateral. 


Hence, 
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| Hence, 
The anſwer, in regard to the collatiral, may 


thereon 
fall ö on the firſt above or below it. 
on the ſecond below it. 


That 1 1s, thereon. 
If C be collateral, it may fall p on the next abovei it. 
or on the next below it. 
| | thereon. 
If Ca be collateral, it may fall on the next below it. 
or on the ſecond below it. 


See chap. I. ſee. 2 and 3. 


To find the number of places in the anſwer. 
| Becauſe radius D is equal in length to the two 
radi B and C, (ſee chap. I. ſe. 1.) hence the 


GENERAL RULE. 
As many places as the third number in the 


proportion hath { les | than the firſt; twice fo 
many places will the anſwer have 5 leſs m_— 5 than 


the ſecond, if it falls on the collateral. See cbap I. 
ſect. 2. alſo Corollary, chap. III. part 1. 


If the anſwer falls on che {an Me þ radius above 


the collateral, add | one place. 
two places. 


- 


If it fails on the + radius below, de- - 


one place, 
duct 2 places. 


Lg Noze. 
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Note. When the third number in the propor- 
tion conſiſts of equal places with the frſt the an- 


{wer will be natural. 


Kas | 


1. By gauge point WG: (No. 72. ). 
Examp. 1. Given a circle, diameter 25. 4 inches; 
what is its area in wine gallons? 
WG: 1 235.4 2.19 anſwer 
f, O xD Con 
Examp. 2. Gingn the diameter 36 inches. 
A 36. 4.4 anſwer 
e 207 D: 5 c: D: Bz on 
Examp. 3. Given the diameter _ 
WG: 1 75.5 19.38 anſwer 
Das Ct Die}: Cn Mobabave: 
Examp. 4. Given the diameter 15.6. 
WG: 1 15.6: .827 anſwer 
D „ CO dn eien 
The above uur are all natural. [AL eee 


Examp. 5. Given the diameter . 
r "00:5 anſwer 
DB:! 27,1 
The third number hath 1 place more than the 
fir, and the anſwer falls on the collateral; there- 


fore it hath 2 places more than the ſecond num- 
ber, viz. more than I. 


Exam, 


Examp. 6. Given the 3 Dogs” 
WCG: 1. 9.5 306 anſwer 
DBF ⁴b © 
| The third number hath one place lefs than the 
frh, therefore if the anſwer had fallen on the 
collateral, it would have had 2 places 12/5 than 
the ſecond; but! it falls on the next radius above 


it, therefore it bath x, place leſs than the ſecond _ 
number. 


Or thus. 

Becauſe radius B and C 2 repreſent each other, 
(ſee chap. I. ſe. 3.) ſuppoſe the third number to 
be found on the next radius below D, then will 
the anſwer be found natural. 

„ SOV 
MGU. 5485 a 

„: Die lt: D: 

Examp. 7. Given the diameter 226. 

WG. I 8. 5497 
De... 

The /hird number hath 1 place more than the 
fiſt, therefore if the anſwer had fallen on the 
collateral, it would have had 2 places more than 
the ſecond; but it falls on the next radius below, 
and conſequently hath 1 place more. 

thus, 

Suppoſe the third number to be found on the 


next radius above D, then will the anſwer be found 
natural. (See as above.) 


Thus, 


14 | ; N. B. 
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N. B. The like may be done in the following 
Examples, which are marked with an Afteriſm. : 


Examp. 8. Given the diameter 350: 
WG: 1. 350. 415. 
V 
The tbird number hath 1 place more than the 
firft, and the anſwer falls on the collateral, there- 


fore it hath 2 places more than the ſecond num- 
ber. 


2. By gauge Foint HS. (No. 83.) 
* Examp. 1. Given the diameter 864 inches; 
what is its area in pounds of bard ſoap | # | 
HS. 1. 864 216 
D:: C2 


The third number hath 1 place ks than the 
firſt; anſwer falls on. 


Examp. 2. Given the * 342. 
„„ 

D: G. 2 | 

The third nber bath 1 place more 5 the 

frft; anſwer falls on next below. 


| Examp. 3. Given the diameter 31.5. 
HS. 1. 37.5 28.7 5 
HED Lo 16 
This is the fie caſe with the laſt, 


F 


2 Examp. 4. Given the diameter 146. 
HS. 1. 146. 616.9 
D Gn Wis 
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The third number hath 2 places mors than 
the fir, therefore, if the anſwer had fallen on 
the collateral, it would have had 4 places more 


than the ſecond; but jt falls on the ſecond below, 
therefore i it hath 2 places more. 


Il ECF. u. Fur circular Priſms, 


Ep rag og. 


As the gauge point point on D, 

Is to the depth of the cylinder on B or C, 
So is the diameter on D, 

To the content on B or C. 
See Lemma, chap. III. 


Note. 


If B be collateral, the anſver fall 2 on the firſt 3 
> * Mtg u S 
the collateral. 

thereon 


If C 2 be collateral the anſwer ma fall 4 on the firſt | 2 
* : . . L 


che collateral. 


3. 7 the mile can cle, the ar may W firſt above 
on firſt beloro 
the la 


Examples. 
1. By gauge point AG: (No. 75.) | 
By collateral B 

* Examp. 1. Given a cylinder, « diameter 120 in- 
ches, depth. 75 what i is its content in ale gallons? 

AG: .75 120. 0.07 anſwer 

D I PD *'; B 

The 
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The third number hath 1 . more than the 


firſt; anſwer falls on the collateral,utherefore it 
hath 2 places wore than the ſecond number. 


Examp. 2. Given 2 9 depth 075, tin: 
meter 236. 
| AG; | 975 . 2 63 anſwer 

D 2% B: D: fſt above 
The third number hath one place more than 
the firſt; anſwer falls above, and. hath three * 


mꝛcre than the ſecoud number, bs 


Examp. 3. Given depth 7. 65, diameter 6. 2 5. 
: 3 7 815 anſwer 
D : B :: D: B2 firſt above 

* Examp. 4. Given api 755 diameter 9.8. 
AG: 73. 9.8 . 20.05 anſwer 
8 . 3 D : C2 ſecond above 


By collateral c. 


Examp. 1. Given the depth 12.6, diameter a. 5; 

- AG: 12.6 2.5 219 anſwer 
D;: E C on 

Examp. 2. Given depth 12. 5 diameter 4227 


AG: 1260. 48.5 72.6 anſwer 
D 5 © : D: Ba on natural 


* Examp. I» Given Mawes 146 diameter 8.71, 
AG: 126.. 8. 75 26.8 anſwer 
8953 D C2 firſt above 


F Examp. 4 Given depth 25 diameter 144: 
AG: 1.26 144. 72.74 anſwer 
D: C:: DP: B fiſt below 


2. By 
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2. By gauge point DS. (No. 87.) | 
Huy collateral B 2. 

Examp. 1. Given a cylinder depth 8.4 inches, 
diameter 38.5; what is its content in pounds of dry 
7 ry 

DS. 8.4 33s - 242.7 anſwer 
D.: B2 :: D.: B or. 
Bang. 2. Given the > 84, diameter 27. 
DS. 84. 22 12.2 anſwer 
8 B2 * „ B. C on 
2 f Tran 3. Ginn the depth 84, diameter 995. 
an S. * 995. 1. 62 anſwer 
6 a ings : 5 : C2 firſt above 
ian. 4 . the depth 845 diameter 124. 


„DS. 84 * 231. anſwer... 
N 74 15 A e, <B iſt below 
sup 19 Buy collateral c 2” 


1 15 | Given the depth 28.5, diameter .75,. 
to 35 fora! 28.5 7s $3425 anſwer 
Ca it T 5 
5 2. Given the as 85, diameter 41. 5. 
Sake * - Sons ALS. 95.7 anſwer 
* C2 1: 5 B32 firſt below 
rang. 3: Given the ech 2.85, diameter 13. 
8. 2.85 14. 1275 
. E © firſt Below 3 
* Exayp. 4. Given the depth 28 5 diameter 
10 3 | 1 
5 Ds. als © "105. 61.25 N 
D : C2 :: D : B ſecond below 


CHAP, 


134. - e een 


SH. 
Of gauging and ullaging of Caſts. 
| Aer Of gauging of Caſts. 


HE concavity or capacity of every caſt, is 1 
ſuppoſed to be in the form of one or other 
of the four following ſolids, viz. 


[1. A ſpheriod. . 
| 2. A parabolic ſpin | 
the middle fruſ- bl „ ke parabolical connoids 


tum of abutting againſt 1 com. baſe. 
4 Two cones abutting againſt 
1 common baſe. 


Now, in order to aſcertain the true capacity or 
content of either of theſe caſks by the inſtrument, 
it muſt firſt be reduced to a * of equal ca- 
pacity. 

For his. pu Wy heh are on ae backſide of 
one of the ſlides or ſliders, three lines, called lines 
of varieties, abutting againſt a line of inches, and 
and marked /pheriod, 2d variety, and 3d variety, 
which are uſed in the following manner: 

Subtra& the head diameter of the caſk to be 
gauged, from its bung diameter, and obſerve the 
difference; which difference ſeek on the line of 
inches, and againſt it, on the proper line of variety, 
you will find a number, which being added to 


the head diameter, ns Jum will be the mean 
required. 


Examples. 
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Examples. 
iſt var. 2d var. 3d var. 


Do bung 36. 46- 3*: 
Given head 27. - Oo 


difference g. 7 3. 
Then, | 
: I, 95 6.3 3 
On var. 1 againſt 774 inches, is on 45 
03,4 3 1.68 


| Therefore, 


Iſt var. 2d var. 3d var. 
To bead diameter 15 38. 29. 


add 6.3 4.45 1.68 


The means= 33.3 42.45 930.68 
Thus, any caſ# being reduced to a cylinder, its 
content in ale or wine gallons, &c. will be found 
on the inſtrument by the following 
+ PROPORTION. 
As the proper gauge point on D, 
Is to the length of the caſk on B or C; 
So is the mean diameter on D, 
To its content on B or C. 
See Proportion, chap. III. 


Examp. 1. Given a caſk of the frft variety, 
whoſe zung diameter is 34 inches, and head 27, 
and its length 433 what is its content in ale and 
wine gallons? . 

34.—27 27. difference 

Then againſt 7 inches, on the line of varieties, 


(ſperiod) is 4.9 ee 2 the mean 
diameter. 


Therefore 


| _ N 2 * „ R 
IEF! ** nnn . r EN * W ; 
* l * U A . ad e - . 
rn <> = * * * 
K S... 9 8 * 
* bo * 
* 
* 1 
1 * * 
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Therefore i it will be 
AG: = - =, 122. ale 
WG: 43. 31-9 148. wine Faltons 
„ ww i 
Examp. 2. Given a caſk of the ſecond variety, 
me 36 inches, head 32, length 48. 
36—32=4- 
Againft 4 inches, on variety 2, is 2.62 3247 
2. 7.52 — 34-52, the mean diameter. Therefore 
AG: =- += „160, ale | 
WG: 48. 34-52 197. wine {gallons 
'D. * B-< Da 
Note. The like is to be ed in the third 
variety. 


SEC T. 1. Of the Lines * Segments 3 in las 
ing of Caſts. | 


Theſe lines are put on the edges or narrower 
planes of the inſtrument. That immediately un- 
der the line A, is for caſks lying, and is marked 
SL. the other is for caſks handing, and is marked 
oo. © 326 & a6 Wks) 1 
Each line is to be uſed with the ſlides B and C, 
in the ſame manner as with the line D. 

Now, the «llage of any caſk will be found by 
the following | 

ProronTIONS A 

1. As the bung diameter on C, ä 

Is to 109, on the proper line of ſeg- 
So is the wet or dry inches on C or B, 


To a ſegmene on SL. or SS. „„ 
| 2. As 
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2. As 100 on A, 
Is to the content of the caſk on C; 
So is the above found ſegment on A, 
To the wllage on B or C. 
N. B. If the quantity of liquor remaining in 
the caſt be required, make uſe of the wet inches; 
if the quantity drawn off, the dry inches. 


Examp. 1. Given a caſk Hing, bung 31 inches, 
content 75 gallons, wet inches 28; ; what quan- 


tity of ligour is in the caſk, and how much drawn 


off. | | 
1. For the quantity in the caſt. 
91. 265 air 
Ca: Cr. :; Soo 
Then by the line A. 
100. 75. 97-1 73. anſwer. 
AS C <A 5 C. | 
2, For the quantity draws of. 
31. 400. 2.3 2682 
C2 © © © Uo 
Then by the line A. 
100. 75. 2.82 2.1 anſwer 
[ö 8 


Note, The like is to be obſerved by the line 8s. 


1 


CHAP. vI. 


Uſe of the Gauge Points on the Line D of the Ar- 


tificer's Inſtrument in meaſuring of I”. 
and their Friſms. 


(TAB. XIII.) 


* 
Ik 


5 SECT. I. Of Polygons, 
| PR o P Oo R TION. 


S the proper gauge point on D, 

Is to unity (or 1) on Cor C 2; 

So is the fide ® of the given polygon on PD, 

To its ſuperficial content on B or C. 
If a circle, for ſideꝰ read diameter or circumference. 
See Proportion, chap. IV. ſef. 1. 
N. B. To find the. number 'of places in the 

anſwer, fee the General Rule, GY IV. 


Examples. 


251. By gauge point Od: (No. 134. 7 
Examp. 1. Given the diameter of a circle 132 
inches; what is its ſuperſitial content in feet? 

Od: „ to27 
Di: © Ä 
Examp. 2. Given the diameter 35.8. 


Sd: 1. 35.8 6.99 
0D. : 0-0 ©. on 


2. By gauge 3 "oo (No. 142 J 


7.6 


: D 


105. 
D 
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Examp. 3. Given the dlameter 7. 6. 


Sd: 
D* 


3175 


: C2 firſt above 
* ' Examp. * Given the diameter IO5. 


60.1 


B 2 pts 


B2. firſt below 
C firſt below 


B ſecond * 


8gn. 9.5 3.026 
9 . C2 en 
Examp. 2. Given the fide 35. 
8gn. 35. 41.07. 
D Cano D-: 
Examp. 3. Given the fide 25. 
* 25 20.98 
D D 
* Examp. 4. Given the fide 12. 
8gn. 12. 4 
D 2 +> D 
| , SE CT. 11. of Polgonal bro. 


E ad 


As the proper gauge point on D, 
Is to the length of the priſm on B or C; 
So 1s the /ide of its baſe on D, 

To its content on B or C. 

See Lemma, &c. chap. III. 


* * 9 
7 A , 
+ x8 
” » 4 
* 
* 
. 
4 - 
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* Examp. 1. Given the fide of an octagon, 92 
inches; how many ſuperficial feet doth it contain? 


Examp. 


4 
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Examples. 


1. By gauge point Sd: (No. 133.) 


* Examp. 1. Given a cylinder, length 4+ feet, 
diameter 15 inches; ho- many ſolid feet doth it 
contain? 


Sd: 4% 18. 5.52 anfver 
D : B :: DD: B 


8 Examp. 2. Given the length 41 feet, diameter 


3.95 inches. 


Sd: 45 3-95 .383 
D: B :: D: Ba firſt above 


* Examp. 3. Given the diameter 9.5 inches, 


| length 45. feet. 


Ol: . . 1 
D : B:: D: C2 ſecond above 


0 By gauge point 8 gn. (No. 142.) 
Examp. 1. Given an octagonal priſm, length 


6.4 feet, fide of its baſe 24.6 inches; how many 
ſolid feet doth it contain? 


8gn. 6.4 246 1298 
D i me: Con | 
* Examp. 2. Given the length 78. feet, ſide of 
baſe .875 inches. 
Sga. 78. $75: 2. 
D : Bz :: D: C firſt above 


Examp. 
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* Examp. 3. Given the length 4.35 "_ ſide 
22.6 inches, 
San. 45 22.6 74.5 
D + . ::-D : Ä 
* Examp. 4. Given the length 15.4 feet, ſide 
13.4 inches, 


ban. 164 „ 67 | 
D: C2 :: D: B ſecond below 


C HAP. WI. 


Uſe of the Factors on B and C of the Artificer's In- 
ſtrument, in finding the ſuperficial Content of Po- 
1lygons and Platonicks, &c. 


TAB. XIV. and XV. 


Lemma. 


HE areas or contents of all like ſuperficies 
are to each other, as are the /quares of their 
like ſides, Hence the 


PnOPOKR.T10 N. 
As unity (or 1.) on D, 
Is to the proper fator on B or C, 
So is the fide of the given polygon, or plate< 
nick on D, 
To the content on B or C. 
To find the number of places in the anſwer. 
| . 
As many places as the bird number in the 
K 2 P᷑O- 
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proportion hath } 10 15 "7 than one; twice ſo many 


places will the anſwer have Ts 5 agg than the fac- 


tor or ſecond number, if it = on the collateral. 
See General Rule, chap. IV. 


SECT. I. Of Fadlors on B, for — 
(Tab. XIV.) | 


Examples. 

1. By factor 12gn. (No. 147.) 
Examp. 1. Given a dodecagon each ſide 15 feet; 
what is its ſuperficial content in ſquare yards? 

1 #200. 13. 0 er 
D : ͤͤũU 1008 
Examp. 2. Given the ſide 72 feet. 
x. 128. . 3.5 90 
D : B:: D: Ba firſt above 
* Examp. 3. Given the ſide .95 of a foot. 
C1 ² «0. 
DP: 3: D + C2 ſecond above 


N. B. When the third number is a fraction of 
the firſt order, let 10 on D repreſent unity, (or 1,) 


then will the anſwer be natural. Thus in the laſt 
example. 


5.0 fen. 7.12 
D: C2 : U C2 
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2. By factor: Sd (No. 157.) 


Examp. 1. Given a circle, diameter 10.5 feet. 
*. Od 10.5 9.62 | 
DP: 1 08. 


Examp. 2. Given diameter 22. 8. 
IJ. 45-36 
FP: ;; 4 


* Examp. 3. Given the diameter . 75. 
1. Sd 75 © 049 
D: B :: D: Ca ſecond above 
Or, 
1.0. 35.049 
D: C2 :: D: C2 natural 


SECT. II. Of the Factors on C 2 in finding the 
ſuperficial Contents of the Platonicks in Square 
Yards, a Side being taken in Feet and decimal 
Parts. (Tab. XV.) 


To rectify the Inſtrument. 


Place the proper factor on C 2 right againſt 10. 
on D, then ſuppoſe the ſaid factor to be on B, 
ſtanding againſt the prime 1. of D, and proceed 
as above. | T2 


K 3 - Examples. 
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Examples. 
— By factor 121. (No. 19.) 
* Examp. 1. Given a dodecaedron, the ſide of one 
of whoſe pentangular planes is 14 feet; what is 
its ſuperficial content in ſquare yards? 
Rectify to the proper factor. Then 


I. 12h. 14. 449.5 anſwer 
DB: 1 


Examp. 2. Given the ſide of a dodecadron 3.8 
feet. . 


1. 12m. 23.4 3 aniwer 
D: B :: D : Ba fir above 


N. B. When the given fide is expreſſed by a 


fraltion of the firſt order, let 10 on D repreſent 


unity or 1; then will the anſwer be natural. 
See N. B. Example 6. and 7. chap. IV. ſect. 1. 


CH V8 


Of Proportions of ſimilar or like Areas and Super- 
ficies, 


PROPORTION. 


\ S the content of any area or ſuperficies on B 
or C, 2 

Is to either of its given fdes on D; 
So is the content of any like area or ſuperficies on 
on B or C, | 
To its like fde on D. 
See Lemma, chap, VII, 1 
0 
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Io find the radius, whereon the third number 

in the proportion is to be ſought; alſo to find the 
number of places.in the anſwer. | 


RuLE. 


1. When the difference of places in the frft and 
third numbers is even. 

Seek the third number on the prime radius, and 
if it be thereon found within the compaſs of the 
line D, the anſwer falls on the collateral; if not, 
it falls off. Thus, 


If Tot be prime, and the third number 
found on its repreſentative Ty Tre anſwers fall 


off pom 9 the collateral. 
Note. If the middle radius be prime, the anſwer 
will fall on. 


To find the number of places in the anſwer. 


. As many places as the third number hath ] 4% 


than the fr/t, half ſo many places will the anſwer 


have % than the ſecond, if it falls on the col. 


lateral. 
If the anſwer falls 


" above I 


þ below it, La 85 place. 


2. When the difference * places in the fir/t 
and third number is odd, then, 


If the third DURes be 157 * "1 than the frft, 
K 4 ſeek 
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ſeek it on the 1 next — 


q the prime, and 


if it be found thereon, within the compaſs of the 
line D, the anſwer falls on the collateral, if not, it 


falls oft] eh OD 20 


To find the number of places in the anſwer. 


RU 


If the third number be Jer reater than the feſt 


N one place a ; Then as many 


places as the 7hird hath 4% le than the fr ft af- 


ter ſuch linen, {half ſo many places will the 


anſwer have 1 Leſs chan the ſecond number, if 
it falls on the collateral. 


9 above} add 
If the anſwer falls be ins e collateral } dedut? 


one place. 

Examp. 1. Given a couch, floor or ciſtern, length 
75 inches, breadth 46. and area 1.6 buſhels; what 
mult be the dimenſions of a like couch, floor or 
ciſtern, whoſe area ſhall be 6. buſhels? | 

1.6 95. 6. $45; length 

- C2. : : “ 
„„ 
1.6 46. 6. 89. breadth 
C2 :.D: :: Ca © Dos 

BC. 

Examp. 
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- Examp. 2. Given a piece of land, length 15 
chains, 60 links, breadth 5.75, content 9 acres; 
what muſt be the length and breadth of any like 
plece, whoſe content ſhall be 20 acres? 
9. 1% 20. 2 lenath 
B: D . ri 
f And 


9. - ade -So5ft breadth 
Bz  D $023 © Deva 


Examp. 3. Given an oagon, whoſe ſide is g feet 
and content 43.44 yards; what is the fide of an 
ofagon whoſe content ſhall be 77.2 yards? 

:.. 42-44 * % ß 8 
i : Þ a. 
BC | 


N. B. When the difference of places in the fir/t 
and third numbers do not exceed 2, | 
Then, 


8 17 C, {be prime, and the third number be 
7%. (than the fr, the anſwer will be natural. | 
* If Fo, be prime, and the third number be 


leſs VE. : 
= 3 than the fr}; make its repreſentative 


prime, and the anſwer will be natural. 

N. B. If the third number be found } above 
. below 
D, ſeek it on its proper repreſentative. 

4 If 
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If the middle radius be prime, and the differ- 
ence of places wo, the third number muſt be 
found thereon, and the anſwer will fall on the col- 


lateral, and have one place} g * ſs 1 than the fer 
cond, if the third be 1775 alex | than the firſt. 


Examp. Given the ſquares 25 and 435. and 
root .845. Thus, 


Place 2.5 on C2 to .845 on D; then ſuppoſe 
2.5 on B to ſtand * 845 on — , then it 
will be 

2 848 435. 11.14 | 

B : —D :: C2 : +D ſecond above 


Note. —D ſignifies the radius below D, and 
+D the radius above it, 


SECT. III. Te „ind @ geometrical mean Pro- 
portional, between any two given Numbers, viz. 
Such a Number whoſe Square ſhall be equal 


to the Product of the ſaid two given Num 
bers, 


PROPORTION. 


As one of the given numbers on B or C, 


Is to itſelf on D; 
So is the other on B or C, 
To the proportional on D. 


See Lemma, part 1. chap. V. 
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Examp. 1. What is the geometrical mean pro- 
portional between 4 and 16. 

4+ 4. 16. 8 aner 

Bz : D:: C2 : D natural 


Examp. 2. Given the numbers 12 and 48. 
12. 12 48. 24 anſwer 
C : D, A P 
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MODERN SLIDING RULE. 
PA N ö 


Deſeription of the Line E, with its Uſe in ex- 
tracting the Roots of Cubes, and in finding 
the Solidities of the five Platonicks or 
regular Bodies : Alſo in finding their Weight 
in Stone, Lead, Iron, Box, and Marble; 

and in Proportions of ſimilar or like Solids. 


. 


Deſcription of the Line E, and of its Uſe in ex- 
trafting the Roots of Cubes. 


SECT. I. Deſcription. 


HIS line is put on the back ſides of the 

ſlides B and C, in a broken and doubled 
manner. It conſiſts of four complete equal and 
alike radii of numbers, called E, E 2, E 3, and 
E 4. with part of another called E 5, and diſtin- 
guiſhed by the difference of the number of cy- 
phers annexed to the prime 1. of each radius; any 


three 
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three of which are exactly equal in length to the 
radius D. Thus, 

Place the ſlides between the parts of the radius 
D, and move them together till the prime 1. of the 
radius E, ſtands right againſt the prime 1. of the 
radius D. Then will the prime 1. of the radius 
E 4. viz. the point marked 1000. on the lower 
edge of the ſlide, ſtand right againſt the point 
10. on the lower edge of D. 

This I call the direct poſition of the ſlide or ra- 
e, 

„Now, from what hath been ſaid on the line D, 

(chap. I.) it is eaſy to conceive that the wpper edge 
of the ſlide E, and the loter edge of the ſlide 
E 2, do repreſent each other; alſo, that the up- 
per edge of the ſlide E 2, and lower edge of the 
flide E, are repreſentatives of each other. 


SECT. II. Of the Diſpoſition of the Primes and 
Intermediates on the Line E. | 


| Theſe are diſpoſed in ſuch manner, that when 

the ſlide E is in direct poſition, it becomes with 
the line D, a table of cubes with their roots. 

Place the ſlide E direct, now have you all cubes 
repreſented on the ſlide E, and their roots on D. 

| Thus, | 

Againſt 8 on radius E is its root 2. on D; 
againſt 27. on E 2, is its root 3 on D; againſt 
64. E 2, is 4. its root, and againſt 729. on E 3, 
is its root 9. on D, &c. Hence, 


SE Cr. 
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SECT. III. To find the Radius whereon to ſeek 
any given Cube or Number. 


1. For integer or mixed dumbers. 


T, 
If the Sen cube conſiſts of my —_ places, 
| 3» 
. 
it muſt be ſought © on the radius . 
EZ. 

N. B. If the given cube conſiſteth of more 
than 3 integral places, divide the number of 
places by 3. and if nothing remains, the cube 
muſt be ſought on E 3. 


If the remainder bes erk. it on radius . 


2. For fractional cubes. 
firſt 


. If the cube be of the 1 Forder, ſeek it 
third 
Ez. 
on radius * 
E. 


2. If it be of any other order, divide the num- 
ber of cyphers prefixed by 3; if nothing remains, 
the cube muſt be found on the radius E 3. 


I 4 5 remains, ſeek it on 18 


SECT, 


6 
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S EC T. Iv. To find the Number of Places } in the 
Root F any given Cube. 


D 1. For integral and mixed cubes. 


It is manifeſt from what hath been ſaid, that if 
the given number conſiſteth of three integral pla- 
ces, its root will conſiſt of one integral place, viz. 
one third of the number of places in the given 
cube. 

Now, ſeeing the radius D is equal in length to 
three radii of E, therefore, for every three places 
any given cube is ſuppoſed to be increaſed or de- 

cteaſed, the root of ſuch cube muſt be ſuppoſed to 
to be encreaſed or decreaſed reſpectively by one 
Place. by Corollary, part 1. up. _ * the 


1 Rl E. 


* TO If 5 given cube conſiſteth of one, two or three 
integral places, its root will conſiſt of one integral 
place. ä 

If the cube conſiſteth of more than ie integral 
places, divide the ſaid number of places by 3, and 
if there be no remainder, the quotient figure will 
ſhew the number of places in the root, but if any 

thing remains, the root will have one place more. 


2. For fraftional cubes. 


It appears by this foregoing ſection, that if the 
cube given be of the firſt, ſecond, or third order, 

its root will be of the firſt order. 
N. B. If the cube given be of any other order, 
divide 


Chap. IL Mopzxx SLIibinG-RuLs. 144 
divide the number of Oyphers prefixed by three, 


and 1 the e ow be BY 2. J. the root will be 
2 
8 


1 1 
| Aion of che 1 3d we | 
__ 


% 


CHAP. II. ors 


0 of the Factors on the Line E, in 1 Phe So- 
_ hidities of the five Platonicks br 13 87 Bodies; 
and alſo their Weight f in 02 57 *, and Marte, 


"Se: *I. 20 27 51116 


bay 4 43 
+ £ 


i | 18 Ki oo Sl 
Nv; B. ACE iris n Wm n 2s | 
other than the ſolidity of irs correſa 
e FUR whoſe ſide is unity, or 1. and 
/ e Ez; 0 lie? yam v1 
eden fatter on the radius 50 is the weight of 


8 common ſtone 
its correſponding platonic 0 box Fin 


* © ” ©®Cmarble 
th a na whole fide: ha ous I x 
* Lemma. OE AY | 


'T he oliditys, and alſo the weigbe of all Gimiles 


or like ſolids are in proportion to each other, as 
are the cubes of their ne or lite ſides. 
Kerne the following * Adel nit 


4 3 


x 
* 3 


* „ 3 
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As unity on D | 
Is to the proper fatter © on the line E. 


so is the ſide of the gives : on D. 
To the anſwer on E. 


* N. B. By the ſide of any Platonick is meant 
the ſide of one of the planes, whereof its ſuperfi- 
cies is compoſed. | 


To find the number of elk in the anſwer. 


Note. In all. oblique poſitions of the ſlides, 
there vill be two entire radii, and alſo parts of two 
others of the line E, within the compaſs of the 
line D, viz. the we entire middle radii, and parts 
ef the emma extremes, conſequent the nſyer hath 
ooh varieties, viz, 


. on . | 
| he next the cok 
* may fall i . . j y 
| on the ſecond Lateral. 
Ton the third bove | 
Hence the . 


Munn * 

1. K the n nuniber i in the proportion eon 
ſiſteth of egaal places with the Ff, viz. one, the 
anſwer will conſiſt of equal places with the ſecond 

er given fader, if it falls on the collateral. © 
2. If the third number confiſteth of anegral 
places with the firſt, then, becauſe the radius D 
is equal in length to three radii of E, it will be, 


- ms * 
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As! many places as the third hath 111 *Tchan 
the firſt, three times ſo many places will 4 anſwer 
have J % Than e falls on the cu 


lateral. 31 0 
| _ f 
If the anſwer falls on the Lehe Gale above; 
third | 
1 ä 3. OUT (105 21 51 
add ſ: Folaces „ e 


3 
N. B. The difference of che © all is eafily-di- 
ſtinguiſhed by the difference of the Humber” bf 
19 8 50 annexed to the prime x. oF excl raaits:”* 


45 £1 0 11. 
| Examples. » - 
Wenne 


1. By the factors on radius E, for {alidities.. - 


Fu 4, » TY 


(Tab. XVI.) ; 
| 1. By factor arn (Ne. 166. 6.) 2 
Examp. 1. Given a tetraedron, * ſide is 63 


9 44 


what is its ſolidity ahi 
1. 8 25.4 anſwer 
D: E :: D. ; Eg ſecond above 


 Examp. 2. Given the ſide of a tetratdren 12, 
,74-$67 Arn 12. 203.¹3 6 wu 20 8 
D 2 E. 22 Nes E on W 
The third number hath one place more 1 4 
K "Pp "the ren hath three more than dh 1d. 
Au. 1 natural, BO pot” 1, 
0 mY Am 12. 203.8 1 
= D: E 4 5 EA 
See Examples 6 and 7, part III. chap. IV. 
L 2 2. By. 
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— 


2. By fatter for the weight of platenicks 


of refifying the inſtrument. 


Place the flide E dire#; (See ſef. 1.) now againſt 


the prime 1. of the radius E 2, is a braſs pin on 
D, marked G, whoſe diſtance from the prime 1. 


of the radius D, is exactly equal to the length of 


one radius of the line E; hence, in all oblight po- 
ſitions of the flides, what ever prime or intermediate 


of E 2 ſtands againſt the ſaid point G, the like 


prime or intermediate of the radius E, will ſtand 


* 


againſt the prime 1. of the radius D; and it is 
equally obvious, that whatever point of E 3 ſtands 
againſt the point G of lower D, . the like point of 
E will ſtand againſt the prime 1. and alſo the 
point 10. on D. That is, 

In all obligue poſitions of the flides, the prime 
1. the 2 points G, and the point 10. on D, do 
ſtand againſt lite primes or intermediates. Hence, 


To re&ify the inſtrument. 
N nr. | 
1. For factors on E 2 or EZ. 
Place the proper factor againſt the point G, 
and then ſuppoſe it to ſtand againſt che prime 1. 
of D, and proceed as above. 
2. For Factors on E A. 


Place the proper falier againſt the — 10. on 
D, then uppen it to be on E. 


Examp. 
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Exo mples. | = 


1. By factors on 'E 2, for fone. (F ab. xvn. 9 
= By far :Spd (Ns. 176.) 
Given a ſobere, whoſe diameter is 7.5 inches 
what is its weight in pounds averdupoiſe? 
Rectify as above taught. Then 
T. :Spd 7.5 20. anſwer 
D: E:: D: E third above 


2. By factor .12rn (No. 177.) 


Given a dodecaedron whoſe fide is 10. f. 
Rectify. Then 
1. lin ies , 


D-::: K U 2 Ba. 


The third number hath one place more 4 
the firſt; therefore the anſwer hath three more 
the ſccond. 

Or thus, natural, 
1 a0 1668 E 
B.: rè?r?«?tT 
See Example 6 and 7, part III. chap. IV. 


G By factors on E 3, for box. (Tab. XVIII. 3 


By factor : rn (No. 179.) 


Given an W whoſe fide is 34-5 inches, 
Rectify. Then 
IE 2 Co 3 | 
BE 7 0" ou firſt above 
L 3 By 


| 199 A kr re r bs 
* n + for marble. | (Tab. XIX.) 


By fafor .rern (No, 191.) 
Given a dedecatdron, 1 whoſe ſide is 8.4 5. 


mY _ 8 r 473. 
2 E :: D: E third above 
200 
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TY. 


07 Proportion of Solids by the Line E. 


Guan PROPORTION. 


8 the "content or Weight of any given ſolid 
on E, 


15 to its de on D; 
Soi is the content or weight of any like ſolid on E, 


To its like Aeon D, 
Ves Lemma, chap. II. 


N. B. The radius cakes to. find the third 
nümber in the proportion, and alſo to know the 
numben of, places in the anſwer, may be known 
from what hath been faid in the foregoing chap- 
ter, and N. 8 chap. vii. of the line D. 


* 


Exanp. 3 4 ebe length 124. 
inches, breadth 48, depth, 11, content or ſolidity 
| Lon ale en $ what unt be the dimenſſons of 
a like 


0 43 
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a like parallelopepid whoſe Gqoens. fhall be 
100. gallons? | 

87. 124. 100. | 11g 8=lengih 
J. E = D :: Ba 2 - D-, . 

87. x8. 100 cont 
II. Ez: D.:: EZ: D ,a 

87. 11. 100. 11.52 depth 
H. ; a 2 | 
Examp. 2. Given a parallelopiped, length 5. 
feet, breadth 42, depth 2, content - 45 feet; what 
muſt the dimenſions of a like n be, 
whoſe content ſhall be 1 50. feet? i 

45. 5. 150. 7:47 leagh 
IJ. d» 
. 15 150. A 
Fail : EA : = 

„ 150. | | 2:g8=depth | 
HL: EZ D co Bg 23D) woos; 


Examp. 3. Given a ſbip f war, length of keel 
Zo feet, breadth of midſhip-bearn go, depth x5, 
burthen 360 tons;. what muſt be the dimen/fons of 
a like built "hip, whoſe burchen ſhall be 1000 


tons? 1 


360. 0. 1000. = 112. Alengtk 

* EA 1 fy ES +D above 
. 1 1000. 42.17 breadth 

5 "Bp" 3 $6 28 ene D on al 
r 1000. '21,08=depth '_ 

OY Er * 4 : Ez: D natural” 

1 4 Examp. 
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" Examp. 4. Given ari iron Bullet, diameter 4 in- 
ches, weight 94 pounds; what muſt the di- 
ameter of a bullet of the ſame metal be, whoſe 
weight ſhall be 30 pounds? 
9.28 4. 30. 5-925 anſwer 
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MODERN SLIDING RULE. 
P & R e 5 


Containig the Conſtruction and Uſe of Tables 
of natural Sines and Tangents: Alſo, the 
Manner of working Proportion by zhe 
ſliding Sines and Tangents, and of their 
Uſe in 2 T: , ; 


CHAP. I. 


Of the Conſtruction of Tables of natural Sines and 
A —_— | 


HESE, are tables ſhewing what proportion 

the fine or tangent, &c. of any given arch 

of a circle, bears to the radius of the ſaid circle, 
which are thus conſtructed. | 


I. Natural fines. 


x. On the centre C, with any radius (AC) de- 
{cribe the quadrantal arch of a circle AD; and 
compleat the quadrant ACd. 


2. Divide 


— 
— EA AO ——— 
4 


— 
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2. Divide the arch AD into 6 equal parts in the 
the pointꝭ b, c, d, e, and f, ſo will the ſaid points 
be juſt 15 degrees diſtant from each other, and the 


£8. 2 Cbb. 
E S Cc. 
5 2 g dd 
| 60. fe B 
={ - ff. 


5 .. 

3. Divide the radius CD. into 10. equal parts, 
and number the diviſions T, 2, 7 4+ 59 &c. mm 
LIE: 

No, the fines gb, he, id, &e. Wa me 
the radius CD, will, point out thereon, what pro- 
portion each ine doth bear to the radius CD, which 
prapartion is the natural fine of i its OR auch 


or angle. Thus, 


. d degrs. 


Now it is very conceiveable, that, if the radius 
CD, be ſuppoſed to be divided into 100, 1000, or 


ro, ooo equal Parts, the above Hines will bear the 


ſame- proportion thereto, as they now do to the 
radius 10. or CD. That is, 5 


If the radius CD be yy Then will che re gb 
25.88190 Bo 
be 1.545 190 Fand ſo 8 


j 


Conſequently, 
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_ Conſequently, - n 

If the radivs be — de grees pang - 

10000, ans | 45 vill be 122. 068 

hne of _ 8660-254 

9 7 vs. | 9659.258 

Hence, if the rhdins CD be ſuppoſed to be dis 
vided into 10000. equal parts, and the arch AD 
into 90. equal parts or degrees, and each degree in- 
to 60. equal parts or minutes of a degree; and the 
cofine of each minute be drawn to the radius CD, 
the ſaid coffnes will point out on CD, what propor- 
tion the fine of each minute doth bear to the ſaid 
radius CD, and will be in effect the ſame table of 
of natural ſines, which you may find in thoſe ex- 
cellent Mathematical Tables conſtructed by Meffrs. 
Briggs, Wallis, Halley, and Sharp, late Savillian pro- 
feſſors of geometry at Oxford, and publiſhed by 
the ingenious Mr. Sherwin. 


: 6 natural tangents. 
1. On the centre C, with any radius, CB, draw 
the arch BD, and complcat the quadrant BCD. 
2. Divide the arch! into 6. equal parts, as 
the former, in the points ad, 
3. Draw the tangent line BE, and from the 
center C, through the points a, b, c, d, e, draw the 
ſecants Cg. Ch, Ci, Ck, and CE; 


L S ba) [BCa. 
TS PTY Bb. 

2 % 6 . S $4 BCc. 
— 2 23-1 4 
v > 2 © * 

* 
— 2 © BCe. 


Naw, 
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58. 
1 1 = Tangent 1 be applied to the . 
1 Bi : 


— 


2. 659452 


| CD, it i leah From dof 6. 773503 þ the na- 


A 10.000000 
tural zangent of 30 8 degrees. 
| 45 


— 


Again, continue the 8 CD, and lay off DG, | 


GH, HF, each equal to CD, and ſuppoſe the 
whole line CF to be divided into 40 ſuch equal 


parts as of which the radius CD i is 10. Then 
The tangent E BE being applied to CF, will 


reach 3 C 00 17 720508 be natural fan- 


| gent of os * [ degrees. 


Hence, is the radius CD be ſuppoſed to hs 


' 10000, the line CF will be 40000; and 


Conſequently, 
13 F 2679. 492. 
It the radius be 30 dee 0. 
100, the natural d 4.5 4 be 110000. O 
tangent of 601 117320. 508. 


75 37320. 508. 
Hence, if che radius CD, be ſuppoſed to be di- 


vided into 10000 equal parts, and the line CF to 
be infinitely continued, divided and numbered re- 


ſpectively, and the tangent line BE, be alſo ſup- 
poſed to be infinite, and graduated to every minute 
of a degree; then, if from each minute of the 
line BE, a right line be drawn perpendicularly on 


the 
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the infinite line CF, it will point out'thereon what . 
preportion the tangent of each minute of a degree, | 
_ doth bear to the radius CD, and will be in Nu 
Mr. Sherwin's Table of Natural kangentz. 
N. B. Tables of natural ſecants may be formed 
alſo by transferring the ſecant of each minute of 
the quadrant BCD, to the infinite line CF, and 
comparing them there with. Thus ; 


— „ — 


22 


Cr 492 
Cf 85. degrees, * ra- 5 
80 dius Sb es 10. 

u enn 


N. B. The verſed Anes As, Ah. "Ai; Ak, 


may in _ e like i manner be transferred 10 the 125 
7 1 17 * S 4+ 7, +. 
{| F. | " | 11 / 988 NV oy” ">. 


* ! * . 
&, © > * N . wv FAR ” 4 . S. 4 x o * 8 
Ws + : N i N N * | £4 © ©. 


SEC, II. 07 155 Us if Tables PF natural 
| _ Sines and Tf Tangent in working of Proportions. | 


' xr. Of tangents. 


7 y ” 


If i in any. work right line be drawn, 1 
to either of its ſides, ſo as to cut the other two 
ſides, ſuch parallel will cut off a triangle like unto 
the fr/t, whoſe ſides will bear the ſame proportion 
to each other reſpectively, as do the ſides of the 
firſt ; and whoſe n wil be equal to the angles 
ihe fr 4 | 5 
Thus, from m point F in Jadjas CB, Grow the 
right line or Ane Fe, porallel to the tangent line 


£4 * 


8 


Second Prop ofition of Euclid, book 6. 8 ; 
47 Fifth \Propolignf of the ſame bock. 21100 


138 4A Key ro mr Put 3. 
triangle CEB, and the fittes of the triangle CeF, 
will bear the ſame proptytion to each other, as the 
fides of the triangle CEB, do to each dther: that is, 
As CB is to BE, n and us OB is 
to CE, fo is CF to Ce. | 
Or dms alternate: 


As CB is to CF, ſo is BE to * ah CB i3 

to CF, ſo is CE to ce. 
| Or thus : 3 

On the center C, draw the arcb "oy then will 
Fe, be the tangent of the angle FCe, to the radius 
CF; and conſequently doth bear the ſame Proper- 
tion to CF, as the tangent BE doth to CB; that is, 
as the radius CB is to the radius CF, fo i is the tan- 
gent BE, to the tangent Fe. 

Now the radius CF is the fine of 1 5 FREY 
vir. the cofine of < eCF, viz. 75 degr.=2.588190. 

Therefore it will b, 

As the radius CB 10, is to radiusCF =2.588190; 
ſo is the tangent BE=39.320508 to a fourth geome- 
trical e which will be oy tangent Fe. 

Thus, 


rad. - tary. 
10. : 2.588190” :: 37.3265908 : 9.639268. Fe 
8 * 2.368190 * | 


10)g5.59258(9.659258 

which by the table of natural tangents will run thus, 

rad. fang. 

10000. : 2.388 190 ;: 37320. 508: 9.659258 

that | is, if the line Fe be applied to the line CF, 
| it 
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it will reach from Odo che . 9. 659258 there- 
on. Hence, - 

Having either. leg of: a right AY wing 
and its adjacent eblique —_ the n OE: Es 
found by the following 12 


PanoronTiON 


As the radius oο  _ 5 
Is to the given leg, e e Ae Bop 

So is the tangent of the ach acent angle, 
To the other leg. 


That is, "multiply the given is by the nalus 
ral tangent of its adjacent angle, and divide the 


product by the natural radius 10000, the quotient 
will be the other ley. 


| Examp. 1. Given one hs * a W angled 
triangle 3. and its adjacent an gle 5 3: 3 8. 
minutes, to find the other leg. ET 
Firlt ſeek the natural tangent of 335 08 in the 
tables, which will be found to be 13334. 900. 
|  _ _ Therefore it will be 30 
ral fan. 
10000: 45 2 ee, A anſwer 


HY * a - 


=, 
* 


4 
172 ' FR SY Br + f 3554 


10000. HO 5 


Examp; 


z 
ſ 
| 
! 
| 
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Examp. 2. Let the given, is of...a ' right 
angled triangle be 4, and its adjacent angle 36. de- 
grees, 52. minutes; to find the other lg. 

The natural tangent of 362: 52 soo ooo. 


There e offot 26: c ban. 
rad. tang. 5 
10000: 4 :: 7500.000 : 3 


8 


3 


- 10000) Raw 277 3. 000 i 

Note. If the Hpotbenuſe be required, then the 

table of natural ſecents, muſt be uſed inſtead of 
what of tangents. ah 4 


1 — 


en 10 lin > 

Examp. Given the leg and * as in the 
Lift example, to find the hypothenuſee 
| Firſt ſeck the natural ſecant of 36* 52 which 
wil be found t to be 12499471. 


uy * Lherefore, | > > 
- YOOOO. : ah 38 22499. WON = = anſwer. 
GOOD; +1 1.9 £1 EG 29108} 
Of nazural 4 


If the 2 of any right angled triangle, | 
he made the radius of a circle, then will the ſides 


of that triangle be to each other, as are the ne- 


of their oppeſite angles. Thus, 

If in the triangle CBE, the pot henuſe CE. be 
made the radius, then I ſay, the ſides CE, EB, and 
BC, will be to each other as are the /nes of their 


. eppeſites angles. 


De MON- 
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DEMONSTRATION. 
It hath been above proved that the /ides of the 


triangle CEB, are to each other reſpectively as 


the /ides of the triangle CeF are to each other. 

But the des of the triangle CeF, are the nes 
of their reſpective oppoſite angles. Thus, | 

Draw eg parallel to CF; ſo will eg be the fine 
of the angle DCe, and Fe the /ine of the angle 
FCe. (See ſect. 1.) Now, angle Ce F angle ebg, 
(29 E 1) and FC=eg (33E 1) and Ce=rad. 
CD (Def 15 E 1,) Therefore CF is the ne of 
its oppoſite angle CeF. Hence, the fides of every 
Plane triangle are to each other, as are the fines of 
their oppoſite angles. 

Now, if the hypothenuſe of any wiangle be ſup- 
poſed to be radius, and divide into 10000 equal 
parts; then will either Jeg of the ſaid triangle 
be found in the table of natural ſines, againſt the 
degree and minute of that angle whereof | it is the 
ine. 

So in the lia CEB, if CE be 10000, the 
leg EB will be expreſſed in the table by the 
natural ſine of 75 degrees its oppoſite angle; and 
the ſegment CB, by the natural line of 1 5 degrees 
its oppoſite angle. 5 
Hence, 

Firſt, if the hypotbenuſe and one of the oblique 
angles of any rigbt-angled triangle be given, the 
fide oppolite to the given angle will be found * 
the natural ſines, by the following 


NM PR 0- 
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 PzoraORmT1I0O N. 
As 10000, the natural radius or fine of go, 
Is to the bypothenuſe ; 
So is the natural fine of the given angle, 
To its oppoſite ſide. 
Thus in the triangle CeF, let the hypothenyſe Ce 
be 10, and the given angle be FCe 75 degrees, 
to find the fide Fe. | 


— Thus, 

rad. fin. 75. 
10000 : 10 :: 9659.258 : 9.659258 Fe 
Secondly, if the Hypatbenuſe and one of the legs 


be given, the angle oppoſed to the given * will be 
found by this 


P ROTOR TI O N. 
As the given hypothenuſe, 
Is to the radius 10000; 
So is the given leg, 
To the fine of its oppo/ite angle. 
Thus in the aforeſaid triangle, given the Apo- 


Tthenuſe Ce 10, and the leg Fe 9. 659258, to find 
the angle C. 


; ond 0 — 
Thus, 9 
rad. TR. 6 994) 


IO : 10000 :: 9.659258 : 9659. — nn of? 
N. B. If the given triangle be oblique angled, 
the radius will not be concerned; but the Ader 


and angles of ſuch triangle will be found dale 
*. to = 


* 5 0- 
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8 PFE FH ONO S. 
II. As the given . | 
Is to the uaturol base ig oppoſe angle, 
So is either. of its other as | 
F the xaturai ſine of its pole angle. 
fri . CL 
II. As. he n ſine of the Svea 
5 Is to its pte ſide; 
So is the natural ſine of either of the ae angles, 
To its eppaſits ſide. 


C HAP. II. 
Defeription of the Inſtrument of ſliding Sines and 
Tangents, with the Eſtimation f Primes and In- 
termediates thereon, and of the Radius: 


SECT. I. Deſcriptian. 


IIS inſtrument is in the uſual form of a pa- 
rallelopepid of four planes or lides. of about 
1 15 I long. 
Ou one of its broader planes i is put a line of ines, 
marked Sin. or S. This line I ſhall gp iſh 
On che koh plane or ſide to this, i is put a 
line of tangents, nn Tan, or T. This I call 
rhe line K. 
On one of the narrower planes, viz. that 
next . the plane /ines are put to radii, and 
, M 2 part 
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part; of a third radius of the line of numbers, 
marked Num. or N. and called line A. 

On the oppoſite plane to this, is put a line of 
verſed ſines, marked . Sin. or V. S. 

N. B. All theſe lines are put on in a 1b and 
doubled manner, as the line D on the other inſtru- 
ments, viz. part on the upper and Pe. on _ lower 
edges of the ſeveral planes. 


SECT. II. Of the Slides: 


To this inſtrument belong four ſiides or ſliding 
rods, each equal in length to the inſtrument. 

On one ſide of e of theſe ſlides, called and 
marked B and C, are put three radii of numbers, 
and part of a fourth. The radii on C are exactly 
alike to thoſe on plane A; and thoſe on B are the 
ſame continued. | | 

Thefe are to be uſed together, with planes, 
fines, tangents, and numbers, 1n plane tri gonometry. 

N. B. The difference of the value of the primes 
and intermediates on each of theſe radii, and alſo 
of thoſe on plane A, is diſtinguiſhed by the di, 
ference of the number of cyphers annexed, to, "the 
prime 1. of each radius. 

On one fide of the other two ſlides is put a line 
of ines marked Sin. or S. The left-hand ſlide, 
having on it the Jeſer ſines, I call H; and the 
other I. The line or ſlide I is exactly like unto 
plane G, and on ſlide H are © the ſame. lines con- 

tinued, 
| Both 
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Both theſe ſlides are to be uſed together, with 
planes, /ines, and tangents in . and with ſide 
A in plane trigonometry. | 

On the backſide of theſe is put a line of tan- 
gents, marked Tan. or T. The ſlide at the left- 
hand, is called L. and the other M. The fide 
M, is exactly alike unto plane K, ung we _ L, 
is the ſame line continued. 

Both theſe ſlides are to be uſed: 3 with 
the planes, fines and tangents in ſpheric, and with 
fide A, in plane trigonometry. 


| SECT. II. 07 the Eſtimation of Primes and 
| Intermediates on the Lines of Sines and Tangents. 


£5 2 The primes 10. 20. 30. &c. on the upper 
edge of planes, /ines and tangents, and alſo on the 
upper edges of the ſlides I and M, do repreſent 
tens of minutes of a degree. 

2. The primes 1. 2. 3. on wa „„ 
&c. up to 9. on lower edge of both planes, and 
alſo of Sides I and M repreſent units of degrees; 


and the primes 10, 20, 30, &c. on the lower 
edges repreſent tens of degrees. 


N. B. The ſlide LL. L * only . the de is 
continued. 
2. Intermediates are of two . viz. e and 
0 ler, and are to be eſtimated according to what 
nu mber of each there are between any two primes, 


and the difference of the value of thoſe primes. - 
M 3 Thus 
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Thys on the lines of nes; ; 
From 30 minutes, tou degtee, ee in- 
termediate doth repreſent 1 minute. 


þ. |y198| rome 5. min. 
S 8 8 8 128 2. OS > 1 $a 
2 %%% 24 S %%% 
e 530. eo E bf 30 = 
44.8.8 60.8 60. Hl 30 min. 
And thus on the line of tangents. 


The intermediates up to 30. degrees, are the 
ſame, as are the ines; but from 30. degrees, to 
1 degr. 
1 5m. 
VN. B. The 8 on the Agper edges of 
flides I and M, do each repreſent 1. minute. 

N. A. The intermediates on the lower ed; ge of 


I Lare exactly the ame wirhchole on tho app 


edge of h M. 
er faulen is not e pur on cheaonene 


45. each L — intermediate repreſents} 


SECT. I. Of 'the Radius. : eee 


By the radius here, i is not to be underſtood any 
part or portion of either idf the lines of fines or 
tangents; but a certain point in each: and becauſe 
the fine of go. and the tangent of 45 degrees of 
every circle, is equal to the radius or ſemidiame- 
ter of the ſaid circle, therefore each of theſe points 
on the inſtrument, is called the radius, and doth 
always repreſent the radius of ſome circle. 

C HAP. 
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CHAP. I. 


Of the Diſpoſition of the Primes and Intermediates 
on the Lines of Sines G, H, and I, aud how to 
find the natural Sine of any arch thereby, 


SECT. . 5 Of the plane Sines G. 


HESE are put on in ſuch manner, is that 
with the ſlides B and C, they 8 ING 
table of natural ſines. Thus: 

Place B, C, proper between the two parts of the 
line of /ines G, move them together till 1000. on 
ide C, ſtands right againſt the radius or ſine of 
go degrees on the lower edge of G. a | 

| Now, you are to ſuppoſe the ſines 3, 2, t, de- 
grees, 50, 40, 30, &c. minutes on the wpper edge 
of G, to be continued down from the fine 4 de- 
grees on its lower edge, and ſtanding againſt the 
lower edge of B, in the fame manner as the faid 
ſines on upper G, doth againſt Cc. 

Hence the ſlides B and C, when uſed with the 
plane ines, do repreſent 3 diſtinct radii of num- 
bers, with part of a fourib. Hence alſo the lower 
edge of B, and upper edge of C, do nn 
each other. (See Line D.) 

And in this poſition of the ſhdes you have: a table 
of natural /es to the radius 1000. 

Thus if the radius of any circle be x00, the 

M4 natural 
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D. 
C74 223 963. 


12. 07 . 209. | 
natural £. 408 will 998 on C, and ſo on 


„as appears by 
fine of ) 3: 49(Þe ( 3/260 the inftrumen: 
o. 104 92.9089 
Now, if you ſuppoſe 1000. on C, to be 10000. 
then will the inſtrument become Mr. Sherwir's 


Tables of natural Sines, down to the ſine of 10 
minutes. 


SECT. II. of the Slides Sines H and 1. 


Theſe taken together, are a line of fines exactly 
' alike unto G, and continued down on the r 
edge of H, to 1 minute of a degree. | 
Thus, place the ſlides H and I proper Webden 
the two parts of the line G, and move them to- 
gether, till the fine 90. on I, ſtands againſt ijne o on 
G; then will every degree and minute of G ſtand 
againſt its like degree and minute of the ſlide I. 
Now, in the ſame pgſition of the ſlides you are 
to ſuppoſe the primes 3. 2. 1. degrees, 50. 40. 
30. minutes, &c. on upper edge of G, to be con- 
tinued to the Jet hand from prime 4, on its /ower 
edge, and ſtanding againſt their like, on the lower 
edge of H; hence the apper edge of I and the 
lower edge of H, do repreſent each other. 
Again, in this poſition of the ſlides, you are to 
ſuppoſe the upper edge G, to be continued down 
| | | to 
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to the left hand, having thereon the primes 3. 2. 
1. with their intermediates, REO againft their 


like, on upper A of H. 


2 j 3s 


SECT. III. How to fed the W Sine of an 
Arch or Angle leſs than 10 minutes. 


1. Place 1000 on © to the fdr or ſine go on 
G; then againſt 10 minutes on G, is 2.908 its 
natural ſine on B. N 

2. Place 10 minutes on ſlide H to 29.0 o8 on 
plane A, and ſuppoſe 29.08 to be 2.908, viz. the 
natural fine of 10 minutes, then againſt any mi- 
nute on H, is its natural ſine on A. Ne 


re My 8. | Pry > 32 7 
Thus 6. | minutes on H, is] 1.745 an A | 
againſt } 4. its natural fine 11.163 — 


1. 299 | 
Note. The like is to be obſerved of 2 lower 
natu ral r NR me | 


© WE 
*. 22 by the Lines of Sines ng Numbers. 


HESE may be divided into two forts, viz. 
of. ſines to numbers, and of numbers to ſines. 


SEC T. L Proportions of Sines to Nas 


How to find a fourth geometrical proportional 
number, to two given fi ines and a given number. 
PR o- 
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PROPORTION. 
As the firſt given ſine on G, 
Is to the given number on B or C; 
So is the other given /ine on G, 
To the fourth proportional on B or C. 


Examp. 1. Given the fines of 40 minutes and 
3 degrees and the number 35, to find the other 
number or fourth proportional. AR 
Thus : : 
40. 3% 43, diets anſwer 
G Ce Kn an. 
See N. B. chap. I. 8. 2. 


Examp. 2. Given the fines 40 minutes and 9 
degrees, 45 minutes, and number 3 5, to 2 the 
other proportional e 5 


40 35. 8 45 509.4 anſver 
. C 8 C firſt above 


 Examy. 3. Given the fines 40 minutes and 
45 30, and number 3.5; to A, the aber num- 
ber. | 
; 40 2:6 45*30' 214. 5=anſver 
G : C:: G: C ſecond above 


Examp. 4. Given the radius or fine of 90 de- 
grees, and the ſine of 10 minutes, and number 
365; to find the fourth proportional. 

g90* 365, 10 1.061=anſwer 
SG : C.: G : B third &ow 


[ 


SECT: 
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SECT. II. Proportion of Numbers to fines. 


How to find a fourth proportional ſine to two 
given numbers and a given ſine. 


This is only the cenverſe of We Former; hence 
the followin 3 


— TE Ce 
As the firſt given number on B or C/ 
Is wo the given fine on G; wn | 
So is the other given zumber on B or C, 
To the fourth proportional on G. 


Examp. 1. Siven the numbers 2 5. and 8. 75 and 
the fine of 50 degrees, 30 minutes, to find the 
other proportional 8 

25. 500“ 8.7 15* 34'=anſwer 
r / A. 

Examp. 2. Given the numbers 25. and 1.5 and 

fine 30* 30˙ what is cheother proportional ſine? 
23. 30 30 1.5 ' 2*39'=anſwer 
C 3 Wn” 2. WM 


Kramp. 3. Let the given numbers be 250. and 
+55, and the ine Lond 30 to find the other 7 
portional. 

This requires two operation. "Thus, 
250. 60300 825 10 
IJ 0: WM 
. 

II. "A <- A + I 
See ſe. 3. chap, III. 
1 : £ CHAP. 
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CHAP. 8 


Solution of Problems in plane Ti rigonometry „ the 
; Lines of Sines. 


ROM what hath been ſaid, it appears, that if 
the primes and intermediates of the flides B 
and C, be ſuppoſed. to repreſent the des, and 
thoſe of the line G the angie; of _— * lined 
triangle. hben res dt ak o 
All problems relating to pony trigonometry, 
wherein fines only are concerned, will be ſolved 
on the lines G, B and C, by the following 


CCC I SN $47 
I. As the fine of any given angle on G, 
* IM to its oppoſite /de on B or C; 
So is the ſineofcither of the othertwo . onG, 


To its oppoſite. / fide on B or C. 
) © —- © 
II. As eitherofthe ſides of any given trian 5 on B C. 
Is to the fi nes of its oppoſite angle on G, 
So is either of its other /ides on B or C, 
To the ne of its oppoſite angle on G. 


Examples. 


1. To find a fide. | 
Examp. 1. In the oblique triangle ABC, (plate 
1. fig. 2.) given the angle A 41 49“, the angle B 
5 ed 143 


- 
TJ, 


Sin. 654 429, Sin. 412 49" - 
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65143 and the fide AC 429, oppoſed to one of 
them; to find the ide oppoſed to the other. 


Thus, * 
2 — 12 tl BC 
6G 2 G : C ox collar, 


Examp. 2. Given in the ſame triangle, the 
ae edt 49', and C 72*53', and the AleCB 
315, to find the ide AB. © 444 
Sin. 41*49' 315. Sin. 7263 e 

G * CW 


Examp. 3. In the reflangled triangle BCD, ( plate | 
1. fig. 3.) there are given the angles B 36* ga! and 
D 53*08', and the ſide BC 476; to find the /ide 

9 
Sin. 53 o. 5 Sin. 365 525 „ 

8 4 x 8 1 


Examp. 4. 1 the rigbt angle C, the angle 


B 36*52', and the pot henuſe Bd 595» to find "__ 


fide Cd. 
Rad, =Sin. 9o 595. Sin. 362 e 
EC 


5 2. To find an angle. 

Exambp. 1. In the oblique triangle ABC, (plate 
I. fig. 2.) there are given the /ides Ac 429, AB 
452, and the angle B 65*14;, to find the angle C. 

8 
429. Sin. 65*14' 451.5 Sin. 72*53 cad 
C . | G 27 G 7 G 


Examp. 
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- Examp. 2. In the ſame triangle let the /ides 
AB, BC, and. es: de given to find the 
Engle A. 
dens. Sin. 7263˙ 316. in. 42*49an, 
1B 9 vu: 6 2 G 


Examp. 3. In the reHangled triangle BC, (plate 
1. fig. 3.) let the d. BC, CD, and the angle D, 
be given, to find the angie B. 

276. Sin. 53 *O8* 357, Sin. 36,92 anſw. 
C © Gp = YT © 


— 4. Given in the fame nie the fides 
BP, and N, to find the angie D. 
SM Rad. | 

£95. Sin. 90 476. Sin. £2%08'= anſw. 

... 6 age, | 

The like to be obſerved in all other triangles. 

NM. B. The three angles of every. right lined 
triangle are equal to two right angles or 180 do- 
grees. Hence, 

IF two angles of any 3 angled triangled, 
or one of the oblique an gles of any refangled 
triangle be known, the other is known alſo. 

N. A. If in any obligue angled triangle, one of 
the angles be obtuſe, (viz. greater than-go degrees) 
ſubtract it from 180 degrees, and proceed with 
the reminder, (or ſupplement) as with any other 
— 
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CHAT. VE. 


Of the Diſpoſition of the Primes and Intermediates 
on the Lines of Tangents, K, L, and M, and 
how to find the natural 7 * of any Arch or 
An gle thereby. 


SECT. I. Of the plane Tangent K. 


HESE are put on in ſuch manner, as that 
1 with the lines B and C, they will compoſe _ 
a table of natural tangents. 

N. B. All tangents leſs than 45 degrees, are 
called lower tangents, and are found in the very 
fame manner as the natural ſines. Thus: 

Place 1000 on C, to the radius or tangent 45 
on K; then will the lines become a table of atu- 
ral tangents, from the tangent of 10 minutes to 
45 degrees, to the radius 1000. 

Now, if you ſuppoſe 1000 on C to be 10090, 
then have you Mr. Sberwin's Table of natural 
Tangents, from 10 minutes, up to the radius. 
Thus: 
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SECT. II. Of the Slides L and M or Tangents. 


Theſe, as hath been obſerved, are put on the 
back ſide of the ſlides fin nes H and I; and, when 
taken together, are a line of tangents like unto K; 
but continued down to 1 tangent of 1 minute 
of a degree. 

Hence, the natural tangent of any arch or angle 
leſs than 10 minutes, will be found by the line 
A, in the ſame manner as any ine leſs than 10 mi- 
utes is found thereby. See chap. III. ſeF. 3. 
Hence obſerve, all proportions between num- 
bers and lower tangents, will be wrought by the 
lines K, B and C, in the very ſame manner as 
proportions between numbers and /ines are by the 
lines G, B and C. 


SECT. III. Of the nr of the upper 
Tangents on K, and how to find the natural Tan- 
gent of any arch or angle greater than 45 Degrees. 

>: 


Place 100 on C to the radius or tangent 45 on 
K. Now you are to imagine the line of tangents 
K, to be continued to the right hand from 45, 
having thereon the tangents go, 60, 70 degrees, 
&c. up to 84 degrees, ſtanding againſt the lower 
edge of C, and the reſt of the upper tangents, viz. 
from 84 degrees to 89*20', ſtanding againſt the 
ſuppoſed radius next above C, &c. 

Now, if the line K was thus continued and 
numbered, the tangent of each degree and minute 
thereon, 
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thereon, would be juſt ſo far above 45 on K, as its 
complement i is below it. 

That is, the tangent 50 degrees, is ſuppoſed to 
be juſt the ſame diſtance above 45, as its comple- 
ment 40 degrees, is below 45; and the tangent of 
60 degrees is ſuppoſed to be juſt fo far above 45, 
as its complement 30 degrees is Below it: alſo the 
tangent of 70 degrees will be found juſt fo far 
above the tangent 43, as its complement 20 de- 
grees is Belo it, and ſo of any other tangent. 

For. this reaſon all the apper tangents are num- 
bered backwards, from the radius or tangent 45 
degrees, each degree and minute thereof being 
placed, or ſuppoſed to be placed, at its complement 
on the line K, as appears. by the inſtrument. _ 
DODbſerve alſo, that the intermediates of each of 
the primes above 45 degrees, are found at their 
reſpectiye complements on the line K. Thus, 


The tangent of 54 degrees i is repreſented by its 
complement, VIZ. the tangent of 36 degrees the 
tangent of 54 is repreſented by its complement 16 
degrees: alſo the tangent of 87*45', is found at 
its complement 2 degrees, 15 minutes; and 89 de- 
grees, 20 minutes, by the point 40! minutes on K, 
and ſo on. Hence, | 

The line of upper tangents is 3 by 
che line K, but in an inverted order. 

Nov, if in the preſent poſition of the flides, 
you ſuppoſe 100 on C, to repreſent the radius of 
a circle, and the natural tangent of any arch, ſup- 
_ of 50 degrees, of the ſaid circle be required; 
io MN: it 
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it is evident from what hath been ſaid, that the 
ſaid tangent muſt be ſuppoſed to be found juſt fa, 
far above 100 on C, as the ſaid tangent of go de- 
grees is len to be above * — 45 oo. 
grees on K. 

But the tangent of 50 3 is ſuppobed 1 to — 
juſt ſo far above the tangent 45 9 as its _ 
ment 40 18 below it. That is, | | 

The tangent 45, is juſt {a far above hh com- 
plement of any upper tangent, as ſuch apper tan-. 


gent is ſuppoſed to be above the tangent 45. 
Hence, 


1. To find the natural tangent of any archi 
angle greater than 45 n and not iter 
89 degrees, 20 minutes. ou np , 


| Cd x > 5 | 
Place the given radius on C, to the given tan- 
gent on K, then againſt the radius or tangent 45 
on he is its natural tangent on B or C. Hence the 


PROPORTION. 


As the co- tangent of the required arch on k. 
s to the given radius on Bor C 
So is the radius or tangent 45 on K. 
To the natural tangent of the faid arch on \C. | 


Examp. 1. Let it be required to find the natu- 
ral ue of 75 degrees, to the radius 100. 
7750 . - 
Tang. 15® 100. tang. 430 373 ab 
| R i 3 3 | 
Note, Tang. n of 78 
4 Examp. 


f 
#; 
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Exam. +. What is the pe qe of 83 
degrees, 30 minutes to the ſame radius? _ . 
The complement of 83*30/, is 6? 39 
Therefore 
Tang. 6*30% 100. tang. 45*. 857" C=ounk 
185 K Wen R N N 8 
13 3 Wbat is the natural pg 87 
degrees, I5 minutes, to the radius 100 f, 
c—_— of 97 I 5 22450 
Tang. 5 100. 8 9115 F | 
| : C02 K: 0 | 


Examp. 4 4. Let it be required to find the * 
tangent of 89 degtees, 50 minutes, to the radius 
10. 

n of 89 ,0'=0® 100. 
7 f Therefore 30 
Tang. o 10 10. tang. 43. een 
L N 1 
The like is to be obſerved of any Ku tangent. 


+. How to find the \watural tangent of an arch 
or 3 greater than 89 degrees, 50 minutes, to 
any given radius. 
This is to be performed at wo operations by 
the following 


PROPORTIONS. 
Fut, by the lines A and L, M. 
Thus, 


As the co. tangent of the given arch on L. 


55 * to the given radius on A; 
ET AH N 2 ; So 
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So is the tangent of 10 minutes on L, 
To a fourth number on A. 


Secondly, by the lines K and B, C. 
. . . 
As the tangent of 30 minutes on K, 


Is to the above found fourtb number. on n By 
So is the tangent of 45 degrees on K, 


To the required tangent on C. 


Examp. What is the natural tangent of 89 


degrees, '56 minutes, to the ſame radius? 
Co-tangent of 89*56!.=0%4. 


| Therefore, 
Tang. o4 10, tang. 10. 25. 
VVV 
10 TR 

Tang. 10 25. tang. 45 — 
EY ß ß 


The like to be obſerved of any other tangent. 


Note. Any other tangent, within the compaſs 


of the line A, may be made uſe of inſtead of the 
tangent of 10 minutes. 


CHAB. 
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„ a *- 


CHAP. vi. 


of Drijpubrions by the Lines of Tan . and 
| Numbers. 


4 & theſe Sg are three nn. viz. 


1. Lower tan gents compared with ** tangents. 
2. Upper tangents compared with upper. 
3. Upper and lower tangents compared wa 


each other. 


S E CT. I Lower T angents compared with 
lower 7. angents. 


I. In — of tangents to numbers. 
Theſe are performed in the very ſame manner 
as thoſe of ines to numbers, viz. by the following 
PROPORTION. 


As the firſt given tangent on K, 
Is to the given number on B or C J 
Sa is the other given tangent on K, ; 
To the fourth COT on Bor C. 


Examples. > 
1. Aſcending. 


Examp. 1. Given the fangents 40 minutes, and 
N 3 4 degrees, 
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4 degrees, 30 minutes, and the number 3.5, to 


find the fou rth proportional, 

| Thos, ; 

Tang. « - 3.3 8 430 23.67 Sanſw. 
4% K K : B fit abone 


OE 2. Given the tangents 40 minutes, and 
9 degrees 45 minutes, and number 3. 53 what is 
the fourth profortronaF? 
Tang. 40 3. tang. 9 4 51. Sale. 
| E : B firſt above 


Examp. 3. "Mi the given tangents be 40 minutes, 
and 36 degrees, 15 minutes, and number 3.5; what 
is the other number or fourth proportional ? 

Tang. 40. 3:5 tang. mA 220.5=anſw. 
K-27 & 2 K ; C ſecond above 


2. Neſcending, 


Examp, * Given the fangent 40 degrees, and 
3 degrees, 15 minutes, and number 345, 0 find 
the fourth proportional. 
| P Thus, 
* 40? 345 Gs 3 11 2 3-33. anſw. 
3 3 C firſt below 
Examp. 2. Let OI to find the fourth 
proportional number to the tangents 40 degrees, and 
30 minutes, and number 345. 


Tang. 40% 3453. 30% 3.588 - anſwer. 
K : Ci K : C ſecond below 


Examp. 
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Examp. 3. Suppole i it be required to find. the 
fourth proportional to the tangent 40 degrees, and 
5 minutes, and number 345. 

N. B. The ſecond tangent being leſs than 10 
minutes, the line A muſt be made uſe of, and 
conſequently, the anſwer will be found by two 
operations, as hath been taught above. See pre- 


| ceding 3 
Thus, 


Tang, 40% 345. 10 1.2964. number. 
I. K n 
Then dy the lines A and L. 


Tang. 10 1.196 tang.s 398 K anſu. 
„ „ L A4 


2. In proportion of numbers to tangents. 
1. Aſcending. 


Examp. 1. Given the numbers 4-35 and 36 3 
and the tangent 55 minutes, to find the other tan. 
ge: or fourth proportional. 

Thus, N 
"4-35 "ing; 55 36.5 tang, 7 *39/ 
WB PSY 7 K 


Examp, 2. Given the "a 4-35 and 2 58, 


and tangent 55 minutes, to find the other * 
tional. 


4.35 tang. 55 i686. t 6 zo 
eB SK, K 1 C750: 97 2 


N4 185 2. De- 


r mat 11 Part g. 


2, Deſcending. 


| Examp. 1. Let the given nambers be 2 5 and 43 
and the tangent 35 2 what is the fourth pro- 
portional ? | 

25. tang. 3545 43 tang. .43” 
= E * 

Examp. 2. Let it be required to find the fourth 
proportional to the numbers 150 and .2 53 and lan- | 
gent 35 degrees. | 

Note. This requires 79 operations, thus: | 

150. tang. 35* 623 tang. 10' 
| | N R cam „ 
5 „ Then, 
623 tang. 10 .25 04' anſwer 
HL. EMH 


SECT. II. Upper Ti angents compared with ur. 
| per Tangents. | 


1. In proportions of tangents to numbers. 


From what hath been faid, nay, from a bare 
inſpection of the lines, it appears, that the fourth 
proportional in this caſe, will be found by the Rule 
1 Three Inverſe, by the followin 'S 


PROPORTION. 
As the ſecond given tangent on K, 
Ils ta the given number on B or C; 
So is the firſt given tangent on K, 
To the fourth 9 on B or C. 
Examples. 
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Examples. 


. Aſcending 


m 1. Given the tangents 30 degrees, and 
75 degrees, and the numbers I 55K to find the fourth 
cos rn 


AA wh | 
Tang, 75* - 15. tang. 30% 46.99 =anſw. 
K - $6 * ů W212 oc Gas 


Examp. 2. Given the tangents'50 degrees, and 
83 degrees, 30 minutes, and number 1 5. to find 
© the fourth proportional. 

Tang. 8330 15. tang. 50? 110. 4=anſw. 
REE: 11 é © 


3 3. Let the given tangents be 50 de- 
degrees, and 87 degrees 30 minutes, and the num- 
ber 15; what is the other proportional number? 
Tang. 87 30 15. tang. 30% 288.2 anſw. 

E MW W M 

Examp. 4. Given the tangents 30 degrees, and 
89 degreees, 25 minutes, and number 4. 5, to find 

the fourth proportional. 


Tang. 89*25' 4.5 tang. 50? _ 370.8=anſw. 
K: B © K : C 2d above 


2. De- 
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2 . D 1 nding. 


Examp. 1. Given the tangents 89 degrees, and 
50 degrees, a 225. 9nd the fourth 
Zen. . = 
Tang. 50? 3755 rang; 89 7.1 anſwer 

: D fecond below 

Dramp." 2. >Givedahe tarigents 82 degtees, 45 
minutes, and 30 degrees, and number 475; what 
is the fourth prapar tional? 

Tang. "i e rang. 82450 88 
K : C C rſt r 


N. of numbers to tangents. 


: PxzOPORTI 0 n. 
As the ſeconl given number on B or C, 
Is to the given fangent on k 
Bo k the h, given number on B or C, 
I To the fourth proportional on K. 


Examples. 


1. Aſcending. : : FL 
" Sedan 1. Given the numbers 7.5 and 24.9. ey 


ee e eee ee 


PI 


Thus, 


24.5 tang. 30 97.5 tang. 75*35/ =anſwer 
C a6. Co 
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-- Examp. 2. Let the given #umbers be 1.5 and 
25, and 2 50 degrees; u 18 the . 
pruportianai? 

25. tang. 30 1.5 tang. 87 o dees 

8 ee 15 | 


2. Deſcending. 


Examp. 1. Given the numbers 35 and 4:5, 250 
tangent 89 degrees, 20 minutes, to * the fourth 
en 

4.5 tang. 89200 35. ks 84 

CCW i be 
 Examp. 2. Let the given numbers be 256 and 
4-53 and the tangent 89 degrees, 20 minutes: 2 what 
is the fourth proportions! ? | 
4.5 tang. 8920 256, tang. 56 · 30 ant 
HR x 22 C25 8 1: 


4 ECT. HI. Upper and lower ente G 
pared with each other. 


Note. When one of the two tangents concerned 
in any propoſition be greater, and the 'other leſs 
than the radius or tangent 45 degrees, each tan: 
gent muſt be compared with the tangent 45 de- 
grees, and conſequently, the fourth proportional 
— be found by two operations. 

V8 

Sous] it be required to find the fourth propor- 

tional to the - 30 n and 30 degrees, 


wh the nber 8. 
| 1. Place 
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bak. r Place 30 degrees on K to 8 on C, then 
againſt 45 degrees on K, is 13.85 on C. 

Now, becauſe the tangent 550 degrees is ſup- 
poſed to be Juſt ſo far above the radius or tangent 
45 degrees, as it really is below it: therefore, 

2. Place 13.85 on C, to tangent 50 degrees on 
K, then againſt fangent 45 - gdh on is 16.51, 
the fourth proportional on C. 1 
f | £5) +6 at3% 

5 As the leſſer tangent is to the given number, 
fo is tangent 45 degrees to a fourth number. And 

2. As the /angent 45 is to the ſaid fourib num- 
ber; ſo is the greater un tangent to the fourth 
proportional | 


Which laft proportion will, o the  inftrument, 
run inverſely. Thus, 

As the ſecond or greater tangent, is to the above 
found fourth number; ſo is the tangent 45 degrees 
to the fourth proportional. 

But any greater tangent (ſuppoſe 50 degrees) 
® to the tangent 45 degrees directly, as the tan- 
gent 45 degrees is to the complement of ſych gregter 
tangent, (viz. 40 degrees.) 

Hence, 

1. The fourth Proportional to any two given 
tangents, and a given number, will be found wp ; 
the following | 

PanoroOnR TIONS 
1. Aſcending. - 
4 As the leſſer given tangent on K. 
Is to the given number on B or C; | 
80 
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So is the tangent 45 degrees on K, 
To a fourth number on Bor C. 
fn nn 2 
II. As the ene of greater given tangent on K, 
Is to the ſaid fourth number on B or ofy 
So is the tangent 45 degrees on K, 
To the fourth proportional on B or C. 


Examp. 1. Given the tangents 20 degrees, and 
60 degrees, and the number 7-5 5, to find the durch 


proportional. 
58 Thus, . 
Tang. 20* 7.5 tang. 48 20.6 
. K ; Cc : K : © 
Tang. 30% 20.6 N 45* 35 anſ. 
II. 3 TIES R: ol 
Examp. 2. Given the tangents 20 degrees, and | 
83 degrees, 30 minutes, and number 7. 5, to find 7 
the fourth enim ih! 
Ting 20 7.3 tang. 45 -206:. 5:5 
I. Kia Get nn Ih ne, C x 
Io oe 
Tang. 6*30/ 20.6 tang: 45 180.8=anſ. 
II. D 8 | 


Examp. 3. Let it be * to find the fark 
proportional to the tangent 20 degrees, and 8 9 de- 
' grees, 30 minutes, and number 75. 

Tang. 20% 75 tang. 45 2.06 


| © %%% 
„ © ode =”, 
Tang. 30 2.06 tang. 45** 236. =anſw. 
00% T8 42 + vY 
* 2. Ds 


* 2M e 
2. Deſcending. - 


| e 
* eee 
b to the given number on C 


So is the complement of the greater de K, 
nnn EEeT F 
21 . Thenß 
u. As the 8 degrees on k, 
Is to the above found fourth numberonB "_ 
So is the leſſer tangent on K, 
To the fourth Proportional c on 1B or C. 


Note. Theſe are the  comverſe of the above pro- 


Portions, as will evidently e How the fol- 
lowing Ee.” 3 x1 


Examp. 1. Given 6 th tangents 60 degrees, and 


20 degrees, and number 35-7, to kind the fourth 
proportional. 1 


Tang. 45 17 tang; 30 20.6 


C & „ö + 0 

ES #5 + : Then, * oy 

Tang. 45 20.6 tang. 20 7. uf. 
= * "11: *0- 


Examp. 2. Given the tangents 8 3 degrees, 4 
minutes, and 20 degrees, and number 180.8, to 
find the fourth proportional. 

Tang. 45* 180.8 tang. 62 20. 6 
/ '4- MS: 
2 7 +24 Tias 


; 
bc 448 
4% A 
- N f 
1 


Chap. VII. MorzznsSrinc- Rur. 2 
5 7 Then, BO e. 41 4 75 

Tang. 45* 20 * . Ln * 7:5 =anſw. 

II. . K 5 - c : 9 25 K 12 "on. EX. 


EAEAS + 4 {:is Goll 

Minna 3 Letaheg given tangents be 87 degrees, 

30 minutes, and 20 degrees, and number 47 3 
what is the fourth proportional? © 


Tang, 45˙% 472. e | 20.6 F 
. * C 31 1M 6 [4 


N 1 0 Then, — 118 F541 & 
Tang, 45* — wee 89% 7. 852 
II. K. d Gre n „K of; 0 


'' Exam. 4. Suppoſe We giden rangents are 82 
degrees, 45 minutes; and o degrees, 35 minutes, 
and number 6g03 What is the fourth rr per 

Tang. 45 650. tang. 7% 5“ 827 
J. K.: * Gino 2: 

ä TI, Then, iS aA 2 
4 Tang. 45 82.7 208.5 +; $42=anſw. 
ho „5 =, K as C ad gelom 

N. B. Compuntiths three fot of theſe examples 
with the examples aſcending. © 

Hence, obſerve the diſtance of any tangent fron | 
its complement, is equal to Mice its diſtance from 
the . p | 


wah -- 
TX 
4 
7 5 a y 
1 e 2 
ities 4 3 
Is | * 
— - on 4 
* 
2 2. In 
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So In Proportions of numbers to tangents: . | 
; Or, 
How to oP a fourth proportional to two given 


25 en and a given . 5 
A . 115 4 


1. Aſcending, 4; 
0.08 PAN ft 7:50 n. 
As the firſt given number on B or C, 
Is to the given tangent on K; 
So is the ſecond on B or C, 
To the fourth proportional on K. 
But becauſe the /econd number will always fall 
above the tangent 45 degrees, (ee chap. II. ſe. 


3.) therefore the anſwer e be found by the 
two following 


1. 


PO ono s 


I. As the given tangent on K, 
Is to the leſſer given number on B or C; 
So is the tangent 45 degrees on K 
Io a fourth aumber on B or C. 
Then, 
II. As che ſecond or greater given number on . 
Is to the tangent 45 degrees on K; 
So is the above fourth number on B or C, 
Io the fourth proportional on K. 


Examp. 1. Given the numbers 8.9 and 35, and 
tangent 25 degrees, to find the fourth proportional. 
Tang. 23 8.9 tang. 45 19.08 
LL EST M2 © 
of Then, 
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5 5 Then, 
35, tang. 43 19. 08 tang. 6r. 23=anf. 


Examp. 2. Given the PER VENTS and 126 and 
the tangent 8 degrees, 30 minutes, to find the 
other tangent. | 


L 


: Þ 


126. rad. 


O 


K : 8 K 
Then, 


„5 “! 


Ehamp. 3; Let the funibers be .5 and 450, and 
_— I 8 what is the other /angent ? 


5 rad. 28.64 


Tang. 8 %30 2.25 rad. 13.0 


K 


K :: FTT. 


Then, 


15.05 tang. 83 11 Sahſ. 


450. rad. 28.64 tang. 86121 anſ. 


JG 5 S243 


As the radius or tangent 45* on K, 


Sol is the complement of the given tangent on K, 


2. Deſcending. 


PzG6PORTIONS. 


K 


Is to the firſt or greater number on Cs 


'To a fourth number, 


As this fourth. number on C, 
Is to the radius on K; | 
So is the other given number on Bor C, 


Jo the fourth proportional on K. 


1 


Note. 


oy 
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Note. Theſe are the converſe of the two Laſt 
proportions. 


Examp. 1. Let the given numbers be 35 and 
8.9, and the tangent 61.23; what is the fourth 
proportional ? | 

rad, 35. cotan, 61.23 19.08 
I. RB üͤĩ QC 8 1 
— Then | 
19.08 rad. 8.9 tang. 25 =anſwer 
% ] Ü %%«;ͥ g Es © 
Examp. 2. Given the numbers 126 and 2.25, 
and tangent 83 degrees, 11 minutes, to find the 
other tangent. | 
rad. 126 co-tang. 83.11 15.05 
J. * 22 8 
Then, 
15.05 rad. 2.25 tang. 8. 30 anſwer. 
II. G; Wm 1 KL 

Examp. 3. Suppoſe the given numbers are 450 
and. 3, and the tangent 86 degrees, 21 minutes; 
what is the fourth proportional? 7 
rad. 450. co-tang. 86*21 28.7 
I. * + 8 

Then, | 
28.7 rad. g tang. 1*=anſwer 


SE CC: 7c 


Compare theſe with the three preceding ex- 
amples. 
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CHAP. VI. 


Solution of Problems in plane Trigonometry by the 
Lines of Tangents. 


Note. 7 lines concern regtamgled triangles 
1 only; and becauſe, 

It's in a reFazgled triangle; either of the legs or 
des containing the right angle, be made the ra- 
dens of a circle, the other leg will be the tangent 
of its oppoſite angle. 

Therefore; 

All problems relating co plane trigonometry, 
wherein tangents are concerned, vill be ſolved by 
the lines of tangents and numbers, by the following 


PROPORTION S. 


1. As either of the legs on C, 
Is to the radius on K; 
So is the other Ie on B or C, 
To the cangent of its oppoſite angle on K, 
And, 
II. As the radius on K, 
Is to the greater leg on C; 
So is the tangent of the angle adjacent on K, 
To the other eg on B or C. 
Hence, 
III. As the co-tangent of the greater angle on K, 


1s to its adjacent leg on B or C; 
O 2 Sa 


— — — — — -  —_— e—_—_ ——— _ — 2 n : — — — — — — — — — —  — 8 2 
1 — _ Sy nh a p ha = 
_ I —— 1 ae — bo * —ñ— — \ - ©." ww x . Haney — — - — ES ene ent cds * 
4 — — 4 — = Bone —— 2 2 oy — # 2 EE 2 > 4 2 * bo 5 1 — te 
23 Ho eres re Err ore ee ere GOP Ph. od 8 2 : ORE; . * * 5 me mm 'C s 3 - —— 22 — * 89 
l < 4 7 - 7 . — "ie - 2 _ _ 061 2— ſe mY 
- „ Sn ger a: _ : - 9 2 _ - 7 8 : - $6 l : A 
= \ n cod, > IS = r — = —— — 1 — — — * 2 * „ = 
_ . 2 — Par = 8 2 — * 
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So 1s the radius on K, 
To the other leg on C. 


Examples. 


_- 1. Two legs being given, to find either angle. 
Given in the right angled triangle B, C, D, 


(plate 1. fig. 3.) the legs Bc 476, and CD 2577 to 
find the r B. 


Thus, 
476. rad. 357. tang. 3652“ anſwer 
„„ „ =» 9 
Note. If the greater angle D be required, the 
proportion will run thus, viz. As, Dc, the adja- 
cent leg is to the radius; ſo is CB, to the tangent 
of its oppoſite angle D. 


Which by the inſtrument will run inverted 


: -*- Thus, 
476. rad. 357. co-tang. 3652 53 08 
E: 5 K | 


2. The greater leg and its adjacent angle | being 
given, to find the other leg. ü 


Given in the ſame triangle the leg BC 476, and 


its adjacent angle B 36 degrees, 52 —, to 
find the leg CD. 


e 


rad. 476. tang. 362“ 357 anſw. 
:ü ĩ C-: 


4. The 
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3. The 7t Her leg and its adjacent angle being 
given, to find the other leg. 


Given the leg CD 357, and angle D 53 degrees, 
08 minutes, to find the leg BC. 
Thus, 


tang. 36.52 357. rad. 476 anſwer 
A 3-6 2 a £06 


N. B. The like is to be obſerved in every 
other right angled plane triangle. 


Tarr END or Tur Firty PART. 


O 3 A FEY 
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— > Y AF. — 
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K 


* 
TO THE 


MODERN SLIDING RULE. 


r 


Containing the e of the ſliding Sines and 
Tangents in ſpheric Trigonometry. 


INTRODUCTION. 


Of ſpheric Trigonometry, with the Uſe of the Lines 
of Sines and Tangents in finding the Parts of a 
| ſpherical Triangle. ” 


8 — CT. I. Of ſpheric 2 TIgonomenry: 


CHER IC trigonometry treateth of the propor- 
tion of the /ides and angles of ſperical triangles. 
It is chiefly applied to the uſe of finding the di- 
fances and ſituation of places or points, on the 
globe of the earth; or in the ſphere of the Hea- 
Vens. 
Now, on the ferreſtial globe, alſo in the celeſtial 
ſphere, there are an intinite number of imaginary 
Os Se 
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circles, which are uſually divided into wo forts, 
viz. greater and leſſer. 

Great circles of the globe or ſphere, gre the 
equator, the ecliptic, the horizon; and all meridians, 
or any other imaginary circle, which is ſuppoſed 
to divide the globe or ſphere into two equal parts 
or hemiſpheres. 

Leſſer circles of a ſphere or globe, are ſuch as 
are ſuppoſed to divide it into 7wo unequal parts; 
ſuch are ail parallels of /atituge on the terreſtial, 5 
and almicanters or parallels of altizude on the celeſ- 
tial ſphere or glope. 

Now, the periphery of every great circle as 
above, is ſuppoſed to be divided into 360 equal 
parts or degrees; each of which degrees is ſup- 
poſed to be ſubdivided into 60 equal parts, called 
vinutes of a degree; by which degrees and minutes, 
he 4 Hance of any particular points of the ter- 
reftial and celeſtial ſphere, from each other are 
meaſu red, 


SECT. u. Of the Meaſure of the Sides of a 
* ſpheric Triangle. | 


If on the convex ſurface of the earth, or in the 
concave ſurface of the heavens, you imagine three 
points, ſo ſituated as not to be in a right or 
Itraight line, and at the ſame time you conceive 
three great circles to cut or croſs cach other in the 
ſaid points; ſuch circles will form a ſpberic triangle, 
the meaſure of either of whole des, will be the 
| number af degrees and garzs contained (thereon) 


os between 
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between the t⁰ points, through which ſuch 4 
doth paſs. 

Hence it follows, that the fides of every ſoberic 
triangle drawn in plano, do repreſent parts of the 
arcs of three great circles on the globe of the. 

earth, or in the ſphere of the beavens.. 

Hence alſo, the /ides of ſpherical triangles are 
repreſented by tables, or lines of fines and tan- 
gents, and not by numbers as in on 3 
_ 


s ECT. III. Of the Meaſure of a ſpherical 
| Angle. 


If you imagine two great circles to croſs each 
other, in any given point of the ſurface of the ce- 
leſtial or terreſtrial ſphere, and continued, they 
will croſs each other alſo exactly at the oppoſite 
point of the ſaid ſphere, and form 4 angles at each 
of the ſaid points. a 

If another great circle be ſuppoſed to cut or 
croſs the above ſaid wo circles in the middle of, 
or at equal diſtance from the ſaid two points, it 
will cut the former circles at right angles (and will 
be) at go degrees, from each of the ſaid points. 

Now, if this laſt circle be ſuppoſed to be di- 
vided into degrees and minutes, the difference of 
degrees and minutes cut thereon, by the above 
two circles, is the meaſure of the angle formed by 
the ſaid two circles at each of the aboye faid points, 

That is, the meaſure of a ſpheric angle is the 
difference of degrees, cut on a great circle by the 

7 7 ES two 
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two fides or arcs forming the angles, each arc or 
fide being produced to 90 1 from the ans 
gular Point. 

Thus in the 
fpheric triangle 
annexed, whoſe 
fides are AB 40 
degrees, AC 6o 
and BC 25 de- 
grees, o mi- 
nute, if you pro- 
duce AB to E, F 
and AC to D, 
viz; till the ſides : | 
AE and AD each become go "M6 "Pp the an- 
gular point A; and through the ſaid points D and 
E, be drawn a great circle FG, the number of 
degrees contained between the points D and E of 
the ſaid circle F, G, will be the meaſure of the 
angle A, viz. of 20 1 | 

Note. The lite to be obſerved of either of the 
other angles. 

From what hath been 4a. it follows, that -- 

All problems relating to ſpberic trigonometry, 
will be ſolved by the lines of fixes and tangents 
only, viz. by the lines of fires and fines, or by 
the lines of fangents and fines, in the very ſame 

manner as thoſe which relate to plane trigonome- 
try, are by the lines of fines and numbers, cr tans 
gents and numbers, as will be ſhewn below. h 


' CHAP, 
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CHAP. I. 


Of the Solution of rectan gled ſpheric Triangles, by 
Lord Neper's Catholic Propoſition. 


SECT, I. Of the Parts of a ſpherical Triangle. 


C I. F every refangled ſphe- 
r 


ical triangle there are, 
beſides the right angle, five 
Fig. 1. things which the Lord Neper 
calls the ive circular parts of 
a ſpberic triangle; among 
B which, (the right angle not 


A 5 being reckoned) the two /egs 
AB, and AC, are ſuppoſed to join — (See 
F Sg. 1.) 


2. Any one of theſe five circular parts, may by 
fuppaſition, be made a middle part, and then the 
two circular parts, which are next to that middle 
part, are called extremes conjunct; and the other 
two circular parts, remote from that aſſumed 
middle part, are called extremes disjun#. 

3. In every caſe, two of the aforeſaid five circus 
lar parts, are always given to find a third; and of 
theſe three things, (viz, two given and one re- 
quired) one is the middle part, and the other two 
are either extremes conjunct or digunt. | 

N. B. In the above triangle, and alſo in the 
three following, the right angle is ar the point A, 
SEC 1 


204 A Kxy To rr Part 5, 


SECT. II. To know the mean and extreme 
Parts. 


= 1. If one of the three terms 

given ſtands by itſelf, ſevered 
from the other 7wo on both 
Fig. 2. ſides, as the fide BC from 
the /fides AB and AC, by the 


and C; that ſhall be the 


B middle part, and the other 

two circular parts, AB and AC, are the extremes 

digjun?. (See fig. 2.) | 
C 


” If the terms & imme- 
diately adhere together as 
| the ide BC, angle C, and ſide 
Fig. 3. AC, the middle term C doth 

A ceaſily ſhew the idle part; 
and the extreme terms BC 
aad AC, are the extreme 

- B parts confunti. (See fig. 3.) 
The parts of a TeRgngled ſpherical triangle be- 
being thus diſtinguilhed, obſerve the Univerſal 
Propeſition following by the aforeſaid Lord, called 


| The CATHOLIC PROPOSITION, 


Viz. The /ine of a middle part and radius are reci: 
procally proportional with the tengents of the ex- 
tremes conjunct, and with the Fo nes of the ex- 
tremes digjunt?, That is, 


A 


Firſt, 
1 


interpoſition of the angles B 


. 


Chap. I. 


Mop zz SLIpING-RurE. 


Firft, For extremes conjunt?. 
As the radius 


Is to the tangent of one extreme; 
So is the tangent of the other extreme, 
To the fine of the middle part. 


Secondly, For extremes disjunt?. 
As the radius 
Is to the coſine of one extreme; 
So is the co/ine of the other extreme, 
To the /ine of the middle part. 


Hence, 


Note. When the middle part is to be found, the 
radius is the firſt term in the proportion. 

But if either of the extremes is required to be 
found, then the other extreme muſt be the fot 
term therein. That! ; 


Firſt, For extremes conjunct. 


As the tangent of the given extreme 
Is to the radius; 


So is the /ine of the middle part, 


To the tangent of the required extreme. 


Secondly, For extremes d:junF. 
As the co/ine of the given extreme, 
Is to the radius; 
So is the fine of the middle part, 
To the co/7ze of the required extreme, 


N. B. 
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C N. B. Thoſe three of 
the circular parts which 
| are more remote from the 

Fig. 4. fight angle, as the angles 
. B and C, with the fide AC; 
(viz. the hypothenuſe and 
the two oblique angles) 
Lord Neper changeth into 
their complements. _ (Se fig. 4.) 

Therefore, if the middle part, or either of the 
extremes conjuntt be the hypotbenuſe, or either of the 
eblique angles, inſtead of ſine and tangent in the 
proportions, uſe coſine and cotangent. 

N. 4. When a complement in the proportion 
doth chance to conctir with, or fall on a comple- 
ment in the circular parts, you muſt always take 
the ine itſelf, and tangent itſelf, inſtead of co-finc 
and co-tangent in the circular parts: becauſe the 
coſine of the cofene is the „ine itſelf, and the cotan- 
gent of the cotangent is the tangent itſelf, 


Examples. 


1. In extremes conjunct. 

Examp. 1. Given in the triangle ABC (fig. 2.) 
the perpendicular AC, and the. ane BC; to 
find the angle C. 

Becauſe the three circular parts given are con- 
junct, and the middle part is required to be found, 
therefore by the catholic propoſition, the propor- 
tion will run thus: 

rad.: tang. AC :: tang. BC : ſin. C 
| | 3 But 
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But becauſe the fide BC, and angle C, are both 


complements, (ſee fig. 4.) therefore the proportion 
will run thus: 


As rad. : tang. AC : cotang. BC : coſine C 


Examp. 2. In the iriangle ABC, (fig. 2.) let 
the hypothenuſe BC, and angle C be given; to find 
the perpendicular AC. 

Here, the three circular parts given are conjuntt 
alſo, but an extreme AC, is required; therefore by 
the catholick propoſition it will be thus: 

As tang. BC : rad. :: ſim. C: tang. AC. 
But becauſe BC and C are both complements, 
(ſee fig. 4.) therefore it will be ; 
cotang. BC : rad. :: coſin. C: tang. AC 

2. In extremes digunt?. 

Examp. 1. Given the bypothenuſe BC, and angle 

B, (fig. 3.) to find the perpendicular AC. | 
By the «catholic propoſition, thus, 
rad. ; coſin. B :: coſin. BC : ſin. AC 

But the angle B, and hypothenuſe; BC, are both 
complements, (ſee above) therefore it will be, 
rad. : fin, B :: fin. BC : fin, AC 


* Examp. 2. Given the fide AC, and anghe By 
(fig. 3) to find the hyporbenuſe BC. 
By the catbolic propoſition, thus, 
coſin. B : rad. :: fin. AC : coſin. BS 
But becauſe the ide BC, and alſo the angle B, 
are complements, (ſee fig. 4.) therefore it will be 
ſin. B: rad. :: fin. AC : fin. BC 


Hence 
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Hence obſerve, if the extremes be disjun?, the 
proportion will be performed by fines only; bum 

if they are conjun#?, then by fines and tangents. 


Solution of the ſixteen Caſes of right angled ſphe- 
rical Triangles by the Inſtrument. 
(Plate HI.) 


SECT. L of the eight Caſes of Extremes 
| disjunct. 


PROPORTION S. 


1. To find the middle part. 


S the radius or ſine of 90 degrees, 

Is to the coſine of the given extreme; 
So is the coſine of other extreme, 

To the fine of the middle part. 


2. To find either of the 1e 


This is the converſe of the former, therefore 
As the cſine of the given extreme, 


Is to the radius or ſine 9o; 


So is the ſine of the middle part, | 
5 To the caſine of the other extreme. 


Exam}, 
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| Examples. 
t. For the middle part. 


This hath three varieties. 


Caſe 1. In the ſpherical triangle ABC, fig. i. ) 
let the baſe AC be 27 degrees, 54 minutes, and 
the perpendicular BC 11 degrees, 30 minutes, to 
find the hypothenuſe AB? 

Here the middle part is required, and it falls on 
a complement in the circular parts; (ſee chap. I.) there- 
fore the laſt line in the proportioa will run thus: 

Viz. 4 to the co/ine of the middle part, that is, 


BC AC 
rad. : colin. 11.30 :: coſin. 27.54 : colin. AB 


By the inſtrument, thus, 
rad. fin. 78*%go' ſin. 62%06' ſin. 60* =cofi. 20% 
G- :cc ba 
Anſwer 30 degrees. 


Caſe 2. Given the baſe AC 27 degrees, 54 mi- 
nutes, and the angle A, at the baſe, 23 degrees, 
30 minutes; to find the angle B at the perpendi- 
cular. (fig. 2.) 

The extreme A, and middle part B, both fall on 
romplements ; therefore the third and fourth lines 
in the proportion will run thus: | 

3. So is the fine of the other extreme, 

4. To the cone of the middle part. 
Thus, 
ä 
rad, : colin. 27% :: fin. 23301; coſin. B 
| © Þ By 
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By the inſtrument, 
rad. fin. 62 0 fin, 23 30“ fin. 2038 fi. 6922 
=”: TT. $8 & 4 = 
Anſwer 69 degrees, 22 minutes. 


Caſe 3. Let the Hpotbenaſe AB 30 degrees, be 
given with the angle A 23 degrees, 30 minutes, 
to find the perpendicular BC. (fig. 3.) 

Here both extremes are complements in the circu- 
lar parts; therefore the ſecond and third lines in 
the proportion mult be read thus: 12 

2. To the fine of one of the extremes; 
3. So is the ine of the other extreme. 
Thus by the inſtrument, 
rad. ſin, 300“ fin. 23301 fin. 11.30 
_— 1 : G 7 1 
Anfwer 11 degrees, 38 minutes. 


2. For an extreme. 


| _ This hath five varieties. 8 
Caſe 1. Given the baſe AC 27 degrees, 54 mi- 
nutes, and the hypothenuſe AB 30 degrees, o mi- 
nutes, to find the perpendicular BC. (fig. 4.) 
Note. Becauſe the middle part falls on a comple- 
ment in the circular parts; therefore the third line 
in the proportion muſt be read thus; 
3. So is the cœne of the middle part. 
That is, | 
AC AB 
Col. 27%4“ + rad. :: col. 30%0 ; coſ. BC 


By 
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By the inſtrument. 

Sin. 6206“ rad. fin. 60%00/ coſ. 78e 0m. 11% 

11 35353 
Anſwer 11 degrees, 30 minutes. 


Caſe 2. Given the perpendicular BC, 11 degrees 
30 minutes, and the angle A 23 degrees, 30 mi- 
nutes, to find the angle B. (fig. 5.) 

Here the middle part, and alſo the required er- 
Zreme, are both on complements; therefore the third 
and fourth line in the proportion will run thus : 

3- So is the co/ine of the middle part, 
4. To the ne of the required extreme. 
Therefore, 
Coſ. 11g : rad. :: coſ. 23%30 : fin. B 


By the inſtrument. | 
Sin. 78*g0“ rad, fin. 66930“ fin. 69227 
11; 3 24 8 G 
Anſwer 69 degrees, 22 minutes, 


Caſe 3. Given the angles A 23 degrees, 30 mi- 
nutes, and B 69 degrees, 22 minutes, to find the 
baſe AC. (fig. 6.) 

The extreme given, and the «middle part, are 
both complements; therefore the Jr and third 
lines will be read thus : 

1. As the ſine of the given extreme, 
3. So is coſine.of the middle part. 
| TN IS, 
Sin. 2330“: rad, :: coſ. 6922 ; col. AC 


13 By 
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Buy the inſtrument. 
Sin. 23 30“ rad. ſin. 20 38“ coſ. 62%06/=259 54/ 
10 = 8 : G 
Anſwer 27 degrees, 54 minutes. 


Caſe 4. Given the perpendicular BC 11 degrees, 
30 minutes, and the angle A 23 degrees, 30 mi- 
nutes, to find the hypothenuſe. (fig. 7.) 
Both the given extremes being complements, the 
firſt and fourth lines in the proportion will be 
1. As the ſine of the given extreme, 
4. Io the fine of the required extreme. 
Thus by the inſtrument. 
Sin. 2330“ rad. | fin. 11930! ſin. 3000 
1 2 b G 
Anſwer 30 degrees, oo minutes. 


Caſe 5. Given the baſe AC 27 degrees, 54 mi- 
nutes, and the hypothenuſe AB 30 degrees, to find 
the angle B. (bg. 8.) 

Here the two given extremes alſo fall on comple- 
ments in the circular parts; therefore the firſt and 
laſt line in the catholic propoſition will run thus: 

1. As the ſine of the given extreme, 
4+ To fine of the required extreme. 
Thus, 
Sin. go rad. fin. 27% 54/ Gin. 69220 
Lau TIC 88 
Anſwer 69 degrees, 22 minutes. 


Theſe are all the varieties which can happen 
in extremes disjund, 


| N. B. 
DJ 
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N. B. From the laſt caſe, and alſo caſe 3. page 
210. you may obſerve, that the /ides of every 
ſpheric triangle are in direct proportion to each 
other, as are the res of their oppo/ite angles. 


SECT. II. Of the eight Caſes of extremes 
| Conjunct. 


Note. Theſe cannot be ſolved on the inſtru- 
ment by the catholic propoſition, as it above 
ſtands, (though they may by the tables of nes 
and fangents,) becauſe three tangents are required 
thereby to be taken, and one ſine. 

I ſhall therefore here ſhew, how the ſaid propo- 
fition may be ſo tranſpoſed, as to become appli- 
cable to the inſtrument. | 

This is effected by inverting the two firſt lines 
of the proportion, and taking the complement of the 
firſt Tangent inſtead of the tangent itſelf; for 

As the tangent of any arch is to the radius, 

So is the radius to the cotangent of the ſame arch®, 

Hence, 

If the extremes are conjuntt, the ſolution of pro- 
blems by the inſtrument will be performed on the 
lines of fines and tangents, by the following 


PROPORTION S$ 


1. To find either of the extremes. 
As the radius or ſine of go degrees, 
Is to the cotangent of the given extreme; 


® 1x3 Euc. 6 and 31. Euc. 3. 
$3. Is 
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So is the fine of the middle part, 
To the tangent of the required extreme, 


2. To find the middle part. 


This the converſe of the former, therefore 
As the cotangent of one of the extremes, 
Is to the radius, or fine go; 
So is the Zangent of the other extreme, 
To the fire of the middle part. 
N. B. The fame rule is to be obſerved with 
regard to complements in the circular parts as in 
the above prepertions by fines, 


1. To find an extreme. 


This hath five varieties. | 
Caſe 1. Given the baſe AC 27 degrees, 54 mi- 
nutes, and the angle A at the baſe 23 degrees, 30 
minutes, to find the perpendicular. (fig. 9.) 
Here is only one complement in the circular 
parts, viz. the given extreme; therefore the ſecond 
line in the proportion muſt be read thus: 


2. To the tangent of the given extreme, 
Thus by the inſtrument, 
Rad. tang. 2330“ fin. 25954! tang. 11307 
G : M + G : M 
- Anſwer 11 degrees, 30 minutes. 


Cafe 
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Caſe 2. Given the ypotbenuſe AB 30 degrees, 
and the angle at the baſe 23 degrees, 30 minutes, 
to find the baſe. (fig. 10.) 

The given extreme and the middle part are both 

complements; therefore the ſecond and third lines i 

will run thus: i 

2. To the tangent of the given extreme; | 

3. So is the coſine of the middle part. 1 

| That 1s, | 

Rad.: tang. 30%00 :: col. 2330“: tang. AC 

By the inſtrument, 

Rad. tang. 3000 Lace 66930! tang. 27 54/ 

. 3 G : M 
Auſever 27 3 54 minutes. 


Caſe 3. Given the yypotbenuſe AB 30 degrees, 
and the angle A at the baſe 23 degrees, 30 mi- 
nutes, to find the angle B. (fig. 11.) 

Here all the terms fall on camplements in the 
circular parts; therefore the three laſt lines will 
run thus: 

2. To tangent of the given extreme; 
3. So is the coſine of the middle part, 
4. To the cotangent of the required extreme. 
RT dh 
Rad. : tang. 23930! :: coſ. 3000: - B 
By the inſtrument, | 
Rad. tang. 23 30“ ſin. 60%00! cof. 20938/= 6922 
v6: i M2 ST 1M 
Anſwer 69 degrees, 22 minutes, 


> vo | Caſi 
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Caſe 4. Given the baſe AC 27 degrees, 54 mi- 
nutes, and the perpendicular BC 11 degrees, 30 
minutes, to find the angle A. (fig. 12.) 

The required extreme falls on a complement; 
therefore the fourth line will run thus : 

4. To the cotangent of the required extreme. 
That 1s, 
Rad.: Cotang. 11930! :: ſin. 274 : Cotang. A 
1 By the inſtrument. 
Rad.: Tang. 780 :: ſin. 27254! : Cotang. A 
viz. Thus, 
Sin. 25% 54! tang. 78* 30! rad. Cotang. 661309 
G : Mc 2 M 
Anſcwer 23 degrees, 30 minutes. 
See part V. chap. VI. ſect. 3. and VII. ſed. 2. and 3. 


Caſe 5. Given the baſe AC 274“, and the 
angle A 23930!, to find the pothenuſe. (fig. 13.) 
Here the middle part, and the required extreme 
fall both on complements; therefore the third and 
fourth line will run thus: 
3. So is the coſine of the middle part, 
4: Io the cotangent of the required extreme. 
| . T hat.ik. 
Rad.: cotang. 274 :: col. 23 oo: cotang. AB 


By the inſtrument. 
Thus, 
Sin. 66 30“ tang. 62006 rad. cotang. 60%00' 
G 8. M. : M 
Anſwer 30 degrees. See as above. 


2: To 
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2. To find the middle part, 


This hath Fhree varieties. 

Caſe 1. Given the perpendicular BC 1 19467; ad 
the angle A at the baſe 23 TOP" to find the 4aſe. 
(fig. 14.) 

Here, only one of the extremes falls on a com- 
plement in the circular parts; therefore, if that 
be made the rſt term in the proportion, the firſt 
line will run thus: 

1. As the tangent of the given extreme. 
Thus, 
Tang. 23 30 rad: tang. 119300 fin. 279 54 
BE IR 8 
Anſwer 27 degrees, 54 minutes. 


Caſe 2. Given the boſe AC 27 54“, and the 
hypothenuſe 3o degrees, to find the angle A at wy 
baſe. (fig. 15.) 
Here one of the extremes, alſo the middle part 
falls on a complement; therefore the firſt and hs 
line will be. 
1. As the tangent of the given extreme, 
2. To the coſine of the middle part. 
That is, 
Tang. 3000 rad. tang. 27954 coſin. 66230! 
NM e £5 M : G97 


Anſwer 23 degrees, 30 minutes, 


Coſe 
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Caſe 3. Given the angle B 69922!, and the 
angle A 23530, to find the bypothenuſe. (fig. 16.) 
Here all the terms fall on complements in the 
circular paris; therefore the firſt, third and fourth 
lines in the proportion muſt be read thus: 
Ii. As the tangent of one of the extremes, 
3. So is the cotangent of the other extreme. 
4. - To coſine of the midale part. 
| Tues is, 
Tang. 69922' : rad. :: cotang. 23030“: colin. AB 
Or e. thus, 
Tang. 4250 ; rad. :: cotang. 69922” : coſin. AB. 
Thus by the inſtrument, 
Tang. 23030 rad. tang. 20038 cofin, 60 O0 
M : G 22 M : G 
Anſwer Zo. oo degrees. 
Theſe are all the varieties which can happen 
in extremes conjunt?, | 


Obſerve, 

1. If only ane of the extremes falls on a comple- 
ment in circular parts, make that the t term in 
the proportion. 

2. If both extremes fall on complements, make 
the leaſt of them the f/f term, ſo will any pro- 
blem be ſolved by the lower tangents. 

Note. The like is to be obſerved in al other 
reltangled ſpheric triangles. 
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„ 
O oblique angled ſpherical Triangles. 


HE ſolution of problems wherein obligue 

angled /pberic triangles are concerned, de- 
pends on the ſolution of the foregoing problems + 
for if from any angle of an oblique angled triangle, 
an arch be let fall (or ſuppoſed to be ſo) perpen- 
dicularly on the oppofite fide, ſuch arch will 
divide the ſaid triangle into two right angled 
triangles. And, ; 

If this perpendicular arch be let fall from the 
end of a known ſide, and fo as to be oppoſed to a 
| known angle, viz. in ſuch manner as that tuo of 
the three given or known parts of the triangle 
may be on one and the ſame fide of the ſaid per- 
pendicular; then may the parts of the ſaid oblique - 
triangle be found at #wo operations, by ſome or 
other of the above proportions; but I ſhall here 
ſubjoin ſome zheorems and corollaries, whereby all 
the caſes of ſpheric triangles may be ſolved. - 

Theorem I. In every right angled ſpherical tri- 
angle, the proportion is, as radius is to ſine of the 
bypothennſe, ſo is the fine of the angle at the baſe, 
to the /ine of the perpendicular: and, as the radius 
is to the tangent of the hypothenuſe, ſo is co/ine of 
the angle at the baſe, to the tangent of the baſe. 

Corol. t. Hence it follows, that the /ines of the 
angles of every oblique angled triangle, are to 
each 
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each other directly as the ines of their oppoſite 
fides. 

Corel. 2. It follows alſo, that in any wo right 
angled ipheric triangles having one leg eommon, 
the ;angents of the hypothenuſes are to each other 
inderſely, as the co/ines of the adjacent angles, 

Theorem II. In any right angled ſpherical triangle 
it will be, as radius to coſine of one leg, ſo is the 
coſine of the other leg to coſine of the bypothenuſe. 

Carol. Hence, if two right angled ſpberical tri - 
angles have the fame perpendicular, the coſines of 
their bypothenuſes will be to each . directly, 
as the cœines of their baſes. 

Theorem III. In any right angled ſpheric triangle 
it will be, as the radius is to the ſine of either 
obligue angle, ſo is the co/ine of the adjacent leg, to 
the cone of the oppoſite angle. 
Corol. Hence, in right angled ſpheric triangles, 
having the ſame perpendicular, the coſines of the 
angles at the baſe will be to each other dire&ly, as 
the./ines of the vertical angles. | 

Theorem IV. In any right angled ſpheric triangle 
it will be, as the radius is to the fine of the baſe, 
ſo is the tangent of the angle at the baſe, to the 
tangent of the perpendicular, 

Coral. Hence it follows, that in right . 
ſpherical triangles, having the ſame perpendicular, 
the ines of the baſes will be to each other 
ive, ſely, as the e of the angles at the 


baits. 


| . beorem 
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Theorem V. In any right angled ſpberie triangle 
it will be, as the radius is to the coſine of the 


hypothenuſe, ſo is the tangent of either oblique. 


angle, to the cotangent of the other: and, as the 
radius is to the coſine of either of the obligue angles, 
ſo is the tangent of the hypothenuſe, to the tang- 
ent of its adjacent perpendicular. 

Lemma. As the ſum of the fines of two unequal 
arcs is to their difference, ſo is the tangent of half 
the ſum of thoſe arcs, to the tangent of half their 
difference. 


And, as the ſum of their coſines is to their diffe- 
rence, ſo is the cotangent of half the ſame arcs, to 


the tangent of half the difference of the ſame arcs. 

Theorem VI. In any ſpherical triangle it will be, 
as the cotangent of half the ſum of the two ſides is 
to half their difference, ſo is the cotangent of half 


the baſe to the tangent of the diſtance of the per- 


pendicular from the middle of the baſe. 
Corol. Since the laſt proportion, by permuta- 
tion, becomes tangent =. ono : cotangent AD :: 


tangent AB cet, : tangent CD, and ſince, as the 


tangent of any two arcs are inverſely as their co- 
tangents, it follows, that tangent AD : tangetit 
AB — 2 
is, the tangent of half the baſe is to the tangent 
of half the ſum of the ſides, as the tangent of half 
the difference of the ſides, is to the tangent of the 


diſtance of the perpendicular N from the n 
of the 85 


Theorem. 


tangent AB—BE : tangent CD. That 
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Theorem VII. In any ſpheric triangle it will be, 
as the cotangent of half the ſum of the angles, at 
the baſe is to the tangent of half their difference, 
ſo is the tangent of half the vertical angle to the 
tangent of the angle which the perpendicular makes 
with the line biſe#ing the vertical angle. | 

N. B. Any three parts of any oblique angled 
fpherical triangle (except the three angles) being 
given, the reſt may be known by hs above 


| theorems and corollaries. 


See Barrow's Univerſal Diftonary J and 
Sciences. 


CHAP. I. 
Of the Uſe of the Line of verſed Sines. 


HE uſe of this line is too extenſive to 

be treated of in this place: I ſhall there- 
fore give my reader an example thereof, in the 
folation of one problem whoſe great uſe in aſtronomy 
and navigation, is alone ſufficient to recommend it. 


.D ROBLE M. 
Given the three /ides of 

an oblique angled ſpberi- 

cal triangle, ABE, viz. AB 

x BE 30 degrees, BE 18 de- 
4 grees, 47 minutes, and 

: A AE 42 degrees, 51 mi- 
nutes, to find either of the angles, for . 
the Og E. 


Rl x. 
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Roux x. 


Add al the /ides together, and from half their 
ſum ſubtract the fide oppoſed to the required angle, 
and obſerye the difference: then by the lines of 


fines, 
| Thus, 
As the fine of half the ſum of the Bades 
Is to one of the fides containing the angle; 
So is the /ne of the other containing ſide, 
To a fourth ſine. 


Then by the verſed ſines. 


Thus, 

Place the above found fourth ſine on I to the 
beginning or point O of the line of verſed ſines, 
viz. right againſt the fre go degrees of the line 

G, then againft the above found fowrth ſine on 
HF, is the verſed ſine of the angle ſought. 


| Thus, 
The ſides containing the required J AB go 
- anole, are BE =18 47 
The ſide oppoſed to the "i AE=42 81 


angie, 18 | bes wm 


th. 8 — , 


2 


The jaw of allthe iden, „ 
Half ditto, ” O00 * »., 0 ns 

| Therefore, 
Sin. 4349“ fin. 30 %“ fin. 18947" fin. 120 58) 
| G 2 1 22 G 3353 
Then 2. 


| 
| 
| 
: 


} 
— * 1 
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| Then 2. 
; Half the ſum of all the fides * nar! . 
by the fide , — 5 
Therefore, 


Sin. 128 O fin. 2958! 122836“ 
I > Vi» + V. 
Anſwer 122 degrees, 36 minutes, 
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- Deſcription. and Uſe of four different Inſtruments 
whereon the inverted Lines are peculiarly. and 
reſpectively adapted to the Uſe of Timber-mer- 
chants, Carpenters .and Sawyers, Shipwrights, 
Bricklayers and Glaziers, in meaſuring. of Super- 
ficies and Solids at one Operation ; -whereby the 


Time and T; rouble of refdifyeng the Inſtrument is 
. ſaved. 


N. B. NACH of theſe ae vides no 

8 other than the inverted line of the 
former, 1 rectiſied and fixed. to each re- 
ſpective particular uſe; it will be ſufficient here to 
give a deſcription of each inſtrument, and refer the 
reader to the examples of the uſe of its correſpond- 


- ing a. exhibited part II. car. 1 


DE SCR 7 PTION. 8 


I. Of the 7 imber-merchants, n 5 21 2 | 
| yer Inſtrument. © 


2. 


1. On one of the broader planes of this inffru- 
ment, is put the /ingle line D, in a doubled manner 
as uſual. 


+ 2. On the oppoſite plane to this; and above the 
Aide, is put an inverted line marked Bſt: and is 
the line for meaſuring of a ſtock of boards. 


Q 3. On 


e Ard 1X 


3. On the narrower plane, next under this; is 
; aninverted line marked QTim.-., for meaſuring 
of ks and priſms, or * tim- 
3 80 
8 N. B. This Sed is ab marked Keg . 
Gele of i /awyers works. 


line marked STim. “, and is the line for meaſcr- 

- thg of circular and elliptical price; anc ort ms 
of timber, &c. having ſuch-baſes. 

- 5. On the lower edge, viz. under the ſlide on 

each plane except D, is put the radius See 
as 8 7 2 | 


Miro 4 


II. p Of the o 5 laſtraiien 5 


73 #2 Oohe of tlie broader planes, and abutting 
' againſt the upper edge of the ſlide; is put an 
” #nverted . e Sw.” ; for r gauging of ſhips 
Want urt nt ern g's 
93. 25 On ths WT. plane i is put an inverted line, 
marked Shm: for gauging of merchant men. 

3. On one of the narrower planes is put an 

Inverted line mark Shit: for Hatute gauging of 
chips. See ſe. 3. 


= e is put t the radius A4. 

3 On the ther p Plane of this inftrument i is ; put 
5e ne B. 

6. On the s ſdes of the ſides B and C, is put 


. bem — 
. 817 , 
F. * SYED ney "IL. 4 


1 
* oof Sgt 4 


4. On the oppoſite edge to this is ** an es ; 


4. On the lewer edge af each of the above 


III. Of 


WP 


10 Of the Bricklayers Inſtrument. 


1. On one of the reader planes of this inſtru- 
nent, and above the ide, is put an inverted line 
marked BW.-. and is the line for finding the con- 
tent of any walling, in rods or poles; the dimen- 
| fions being taken in feet and decimal parts. 
2. On the oppoſite plane to the aboveſaid, is 
put an #nveyted line marked Bno: for finding the 
number of fatute bricks, required to build a wall 
of any number of bricks thickneſi, whoſe height 
and length is given in feet and decimal parts, See 
fea. 2. | 
3. On the lower ed ge of each of the aboveſaid 
planes, is put the radius A. 
VN. B. On the other two plaues may be put any 
: lines or tables at 3 


tm. of the Glazler's Inſtrument. 


1. On one of the broater planes hereof, * 
abutting againſt the apper edge of the ſlide, is 
put an thverted lirie marked G: which is the line 
for lights, whoſe height is taken in feet and deci- 
mal parts, arid breadth in inches atid decimal parts. 
2. On the oppoſite plane to this is put an inverted 
line marked G.“. for lights whoſe height and 
breadth are both taken in in#bes and decimal 

f Parts. 
3. On one of the narrower planes it is an #n- 
ver ted line marked G. for lights, whoſe height 
2 and 
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and breadth are both taken in feet and decimal 
parts. See ſed. 3. 


4. On the lower edge of each of the above- 
faid planes, is put the line A. 


N. B. On the other plane may be put the line 
D, or _ other uſeful line or Fables. * | 
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